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INTRODUCTION.

BEFORE
the Reader enters Upon this

Work, it will not be improper to give
him the following information concerning it.

A few years ago, many gentlemen, of the

firfl eminence in the law, formed themfelveS

into a
Society, for providing annuities for the

widows of all fuch perfons in judicial offices,

barriftersj civilians, and follicitors, as (hould

chufe to become members, A plan was agreed

upon and printed 3 but, fome doubts happen-

ing to arife with refpecl to it, the directors

refolved to afk the opinion and advice of three

gentlemen, well known for their fkill in cal-

culation. This occaiioned a further reference

to me ; and the ifTue was, that the plan be-

ing found to be infufficient, the whole defign

was laid afide.

About the fame time, feveral otter focie^

ties were formed with the fame views j but

all on plans alike improper and ihfufficient,

A 4 'Finding



viii INTRODUCTION.
Finding, therefore, that the public wanted

information on this fubjec~r, I was led to un-

dertake this work ; imagining, that it might
be loon finimed, and that all I could fay

might be brought into a very n-arrow com-

pafs. But in this I have been much miftaken.

A defign, which I at firfl thought would

give little trouble, has carried me far into a

very wide field of enquiry ; and engaged me
in many calculations that have taken up much

time and labour. I fhall, however, be fuffi-

ciently rewarded for my labour, fhould it-

prove the means of preventing any part of

that diftrefs, which is likely to be hereafter

produced by the focieties now fubfifting for

the benefit of widows. 1 have proved the

inadequatenefs of their phhs,. by undeniable

facls and mathematical demonftration (a).

I have, further, given an account of fome of

the beft plans, that are confident with a fuf-

ficicnt probability of permanency and fuc-

cefs. Should, therefore* any of thefe fo-

(a] In the note p. 68', I take notice of the five guineas

fine required by fome of thefe focieties at admiifion j and
mention fome reafons for not making any particular al-

lowance for it. out 1 h.,ve fince learnt, that it is indeed

no more, than the hril of the yearly payments, which
I have always fuppofed to begin immediately. No al-

lowance, therefore, was neceflary to be made fcf it.

4 cieties



INTRODUCTION. ix

cieties determine to reform themfelves; or

fhould any inttitutions of the fame kind be

hereafter eftablifhed, they will here find di-

redion and affiflance ().
In

(b] I have lately learnt, that Mr. Cadell, the publiflier
of this work, and alfo Mr. Becket, Bookfeller in the

Strand, are commiflioned to deliver in London, printed
accounts of the fcheme of a fociety, eftabliihed five

years ago at Amfterdam, for granting annuities on furvi-

vorfliip. 1 cannot fatisfy my own mind without intro-

ducing here, though an improper place, the following
remarks on this fcheme.

From the Solution of Queflions I and IV. in the Firft

Chapter of the following Work, it may be gathered, that,

(reckoning intereft at
^percent,

and the probabilities of
life as they are in Tables III. IV. and V. in the Ap-
pendix} the value of an annuity of I/, for life, to be en-

joyed by a perfon aged 20, provided he furvives another

perfon aged 60, is 8/. i6i. 6d. in one prefent payment;
and 1 8*. 6d. in annual payments, during the two joint
lives: the firft payment to be made immediately. A Jingle

payment^ therefore, of 130 florins^ entitles to an annuicy
of 15 florins ; and an annual payment of HQ florins^ to an

annuity of nq florins ; and both together, to an annuity
of 134 florins. If the annual payments are to be made, not

during the joint lives, but during the whole continuance

of the o\ fail Jingle life, they will, together with thefingle'

payment, entitle to an annuity of i^florms. But this fo-

ciety promifes, for thefe payments, an annuity of ico

florins,
if the oldeft life fails in the firft year after admif-

fion ; aoojfarritt,
if it fails in the 2d year ; ^bOjloriJU, if

it fails in the third ; 400 florins^
if it fails in the 4th ; and

500 florins^
if it fails in the

fifth year, or at any time af-

terwards. It is, therefore, evident that the fcheme of
this fociety is, in this inftance, grofsly defective. There
are other infrances in which it is even more defective ;

and the whole of it, like the fchemes of moft of the Lon~

dsn



INTRODUCTION.

In Queftion VI. Chap. I. a general me-
thod is defcribed of finding the values, irt

Jingle and annual payments, of all life-annui-

ties which are to begin after a given term

of years 3 and, in the 4th Section of the 2d

Chapter, the plans of the focieties for grant-

ing fuch annuities are particularly confidered^

and proved to be extremely deficient, -
Indeed, the general difpofition which has

lately {hewn itfelf to encourage thefe focieties,

is a matter of the moft ferious concern ; and

ought, I think, to
k
be taken under the no-

tice of the Legiflature* The leading perfons

among the frefent members* will be

don focieties, appears to have been contrived by perfons
who had no principles to go upon. And yet it has been
much encouraged. Many have entered themfelves into

it from different parts of Europe ; and the printed plan

acquaints us, that it is now in pofleffion of an annual in-

come of 200,000 florins. What difappointment then muff
it in time produce?-It is provided by its rules, that the

terms of admiflionlhall become lefs andlefs advantageous,
the longer it has fubfifted ; juft as if the value of the an-

nuities it promifes depended, not on the probabilities of

life, and the improvement to be made of money, but on
the age of the fociety.

-1 have taken notice of a fimilar

abfurdity in the rules of our own focieties. But it is eafy
to fee what is meant by it.

Mr. Cade/I can procure from his correfpondents in

Holland^ any information for thofe who may want to

know more of this fociety. But indeed I fhould be lorry
to find it much enquired after in LO*ON

annui-
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annuitants ; and they are fure of being

gainers : and the more infufficient the fcheme

is, on which a fociety is formed, the greater

will be the gains of the firfl annuitants.

The fame principle, therefore, that has pro-

duced and kept up other bubbles* has a ten-

dency to preferve and promote thefe; and,

for this reafon, it is to be feared, that, in the

prefent cafe, no arguments will be attended

with any effedl (c). The confederation, that

" the gain made by fome in thefe focieties,

" will be fo much plunder taken from
cc

others," ought immediately to engage all

to withdraw from them, who have any regard
to juftice and humanity ; but experience

proves, that this argument, when oppofed to

(<:)
This apprehenfion has been verified by fa&. At

the beginning of laft winter a letter was published to the

Provident Society, containing a clear proof of the infuf-

ficiency of the plans of all thefe focieties. It was at leaft

to be expected, that fuch a publication would prevent the

rife of new focieties, formed on more inadequate plans.
But this was fo far from being the effect, that, foon af-

terwards, a fociety fprung up which calls itfelf the Ra-
tional Annuity Society ; and which, though it does not take

half the values of the annuities it promifes, has had the

fhameleffhefs to affure the public, that it is formed on a

plan inconteftably durable. The Confolidated^ the Public An-

nuitant^ and the Wejlminjler Union Societies, are yet wdtfe
inftitutions, which have been fince formed; and there

may, for ought I know, be many more : for, indeed, all

LONDON feems to be now entering into aflbciations of
this kind.

4 private
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private intereft, is apt to be too feeble in it'

influence.

It cannot be faid with precifion, how long
thefe focieties may continue their payments
to annuitants, after beginning them. A con-

tinued increafe, and a great proportion of

young members, may fupport them for a

longer time than I can forefee. But the

longer they are fupported by fuch means, the

more mifchief they muft occafion. So, a

tradefman, who fells cheaper than he buys,

may be kept up many years by increasing

bufmefs and credit; but he will be all the.

while accumulating diftrefs ; and the longer

he goes on, the more extenfive ruin he will

produce at lafh
*O ov IU J .U i i ^f II -i J i- i ) .. *. .' i J -_*'^ i i J

' *

. - ^ *

'

In the latter end of the firft chapter, I

have ftated very particularly, the method of

computing the values of affurances on lives

and furvivorfhips, in all cafes where no more

than two lives are concerned : and, in the

gd Effay, I have pointed out a confiderable

error, into which there is danger of falling in

computing fome of thefe values. The fo-

cieties and offices for tranfacting bufinefs iit

this way, are very ufeful ; and it is neceffary

that they {hould go upon the befl principles,

and?
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and pofTefs all the information that can be

given them.

But there is no part of this work in which

the public is fo much concerned, as the ^d

Chapter. It will be there proved, that had

the fums raifed for public fervices fince the

REVOLUTION, been much greater than they
have been, the increafe of the public debts

to their prefent flate might have been pre-

vented in the eafieft manner, and at a
trifling

expence. A method, likewife, of reducing
within due bounds thefe debts, heavy as they
now are, will be propofed. All competent

judges will, I believe, fee, that this method,

being founded on the moil perfect improve-
ment that can be made of money, is the mo ft

expeditious and effectual that the natures of

things admit of. Nor, in my opinion, if the

nation is not yet too near the limit of its re-

fburces, can there be any good reafon againft

carrying it into execution. It is well

known, to what prodigious fums, money,

improved for fome time at compound intereft,

will increafe
(0).

A flate, if there is no mif-

(a] A penny, put out to 5 per cent, coumpound intereft

at our Saviour's birth, would, by this time, have increafed

to more money than would be contained in 150 millions

of globes, each ecyaal to the earth in magnitude, and ali

iblid gc.'d.

application
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application of money, muft neceffarily make

this improvement ofany favings, which can be

applied to the payment of its debts. It need

never, therefore, be under any difficulties ;

for, with the fmalkft favings, it may, in as

little time as its intereft can require, pay off

the largeft
debts. Several of the obferva-

tions I have made on this fubjecl, have not,

perhaps, been duly confidered. Could they

engage the attention of the managers of our

public affairs, they might, I think, be of

fome fervice. But this, I am fenlible, I can-

not expeft. I have, however, in fome de-

gree, fatisfied my own mind ; and I (hall

always reflect with pleafure, that, in this part
of the following treatife, I have endeavoured

to convey to the public, an information

which is of particular importance to it.

In \hzjirjl EiTay I have made many obfer-

fervations on the expectations of lives, the

pernicious influence of great towns on health,

and manners, and population $ the increafe of

mankind $ and other fubjedls in the doctrine

of Annuities and Political Arithmetick.

In the Laft EfTay I have ilated carefully the

proper method of forming tables of the pro-
babilities of human life, from given obferva-

tions, ;
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tions : And, in the Appendix, befides feveral

new Tables, I have thought it neceffary to

give Mr. Simpforis Tables of the values and

expectations of LONDON lives; and all the

other Tables which can be wanted in the

perufal of this work. 1 have alfo, in the

Appendix, given the Demonftrations of the

Anfwers to the ^uejliom in Chap. I. Thefe

Demonftrations I have chofen to keep out of

fight in the body of the work, in order to

avoid difcouraging fuch readers as may be

unacquainted with mathematics.

Upon the whole. A great part of this

work is, I believe, new ; and I am in hopes
alfo, that it will be found to contain fome

improvements in thofe branches of philofo-

phical enquiry, which are the fubje&s of it.

3 fii

.

.

'

,

CHAP.



The Reader is defired to correft the follow-

ing Error.

In page 148, line u. inflead of n, read 9 years pur-

chafe ; end in tbg next Knfy in/lead of 6^3 read 15^ yearst

tMirchafe,



CHAP. I.

ons relating to Schemesforgrant-

ing Reverfiionary Vlfmtdtie$i and the

Values of Affurances on

Q^u E s T i o N I.

Set of married men enter into a

A S
" f e iety ôr ^curing annuities to

; ?* their widows. What fum of
"
money, in a fingle prefent pay-

f
ment> ought every member to

"
contribute, in order to entitle his widow

" to an annuity of 3o/. per annum for her life$
"

eftimating intereil at 4 per cent ?"

ANSWER.

It is evident, that the value of fuch an ex-

pe<ftation is different, according to the diffe-

rent ages of the purchafers, and the propor-
tion of the age of the wife to that of the

hufband. Let us then fuppofe, that every

perfon in fuch a fociety is of the fame age
with his wife, and that one with another all

the members when they enter may be reck-

B oned
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oned 40 years of age, as many entering above

this age as below it. It has been demonitrat-

ed by Mr. DC Morjre and Mr. Simpfo'n, that
'* the value of an annuity on the joint con"
" tinuance of any two lives, fubtraded from
" the value of an annuity oh the life iri ex-
"

peclation," gives the true prefent value of

an annuity on what may happen to remain of

the latter of the two lives after the other.

In the prefent cafe, the value of an annuity
to be enjoyed during the joint continuance of

two lives, each (a) 40, (b) is 9.826, accord-

ing

(a) See Table VII. Appendix.

(b) The values ofjoint lives and revcrfions, as deduced

From the Brejlaw obfervations, arc not given in any part
of this work from Mr. De Moivres rules in his treatife on
annuities on lives. For thefe rules are approximations,
which give refults fo far from the truth, as to be, not

only ufelefs, but dangerous. In the fecond eflay in the Ap-
pendix, a particular account of this will be given, and
klfo of the method in which thefe values have been cal-

culated.

Mr. De Moivre has calculated the values ofJingle lives,

on the fuppofition of an equal decrement of life
thro' all its

ftages till the age of 86, which "he confidered as the ut-

muit: probable extent of life. Thus j let there be 56 per-
fons alive at 30 years of age. It is fuppofed that one will

'die every year till, in 56 years, they will be all dead.

The fame will happen to 46 at 40, in 46 years. To 36
at 50, in 36 years, and fo on for all other ages. The
Dumber of years which a given life wants of 86, he calls

'the complement of that life. Fifty-fix, therefore, is the com-
:

ple~ient of 30 ; 46 of 40, and 36 of 50.
This hypothefis eilcs very much the labour of calcula-

ting the values of lives
; and it is fo conformable to Dr.

Hailey\ table of obfervations, that there is little or no rea-

fea
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ing to the probabilities of life in the table of
observations formed by Dr. Halley, from the
bills of mortality of Ere/law in Silefia. The
value of a iingle life 40 years of age, as g:-

ren

by Mr. De Moivre, agreeably to the fame ta-

ble, is 13.20 (a)-,
and the former fubtracted

from the latter, leaves 3.37, or the true num-
ber of years purchafe, which ought to be

paid for any given annuity, to be enjoyed by a

fon for diftinguifhing between the values of lives as de-
duced from this Table, and the fame values deduced from
the hypothefis.

In order to avoid putting the reader to trouble, I have

given this table at the end of this work. And I have alfo

given two other tables which I have formed from the bills

of mortality at Northampton and Norwich. Thefe Jaft ta-

bles anfwer more nearly to Mr. Ds Moivre's hypothefis
than even Dr. Halley's table ; and the difference between
the values ofJingle and joint lives by the hypothefis, and the

fame values computed ftri&ly from the tables, is gene-
rally lefs in thefe tables than in Dr. Halley's, as will be
ihewn in the laft EfTay. When, therefore, in the courfc

of this work the values ofJingle and joint lives are men-
tioned, as given agreeably to Dr. Halley' s table, it muft be

underftood, that they are taken from Tables VI. and VIL
in the Appendix, and given in itriiSr, agreement only to the

hypotfefis ; and that for this reafon, they are in reality ftill

more conformable to the Northampton and Norwich tables.

The inhabitants of London, as is well known, not liv-

ing fo long as the reft of mankind, the values ofJingle and

joint lives there, are confiderably lefs than in any other

place where obfervations have been kept. Whenever,
therefore, I have had London lives in view, I have given
particular notice of it, and taken their values from Mr.

Simpfsn, who has calculated them with much accuracy
from the London tables of obfervation. See Tables X.
and XI.

(a) See Table VI. Appendix.

B 2 perfon
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perfon 40 years of age, provided he furviveS

another perfon of the fame age, intereft being
reckoned at 4 per cent, per annum. The an-

nuity, therefore, propofed in this queftion be-

ing 307. the prefent value of it is 30 multi-

plied by 3.37, or ioi/. 2s.

By calculating from Mr. Simpforis tables (a),

formed from the bills of mortality of London,
this value comes out ioz/.

The difference in the value of the reverfion

will be inconfiderable, whether the common

age is taken a few years more or lefs than 40.
Thus married men of 30 ought not, accord-

ing to Dr. Hat/ey's table, to give two fifths

of a year's purchafe more, for any given re-

verfionary annuity for their wives, than mar-
ried men of 50, provided they are of the fame

ages with their wives ; and one quarter more,

according to Mr. Simpjbn's table. If the

wives are younger (as is generally the cafe)
there will indeed be a confiderable difference;

for the value now determined would be I2O/.

according to the Erejlaw obfervations, fup-

poiing the two lives to be 40 and 33, or

that wives are one with another feven years

younger than their hulbands ; and n8/. 10*.

according to the London obfervations.

(a] See Table X. and XI. Appendix.

QUES-
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QjJ E S T I O N II.

"
Suppofing fuch a fociety as that defcrib-

e< ed in the preceding queftion, to be limit-
" ted to a certain number of members, and
"

conftantly kept up to that number, by the
" admiflion of new members as old ones arc
"

loft, in confequence of their own deaths,
" and the deaths of their wives : What is the
" number of annuitants which, in fome time
" after its eftablifhment, will come to be
"

conftantly upon it ?"

ANSWER.

Since every marriage produces either a

widow or widower -

y and lince all marriages
taken together would produce as many wid-

ows as widowers, were every man and his

wife of the fame age, and the chance equal
which fhall die firft ; it is evident, that the

number of widows that have ever exifted in

the world would, in this cafe, be equal to

balf\\\t number of marriages. And what
would take place in the world muft alfo, on

the fame fuppofitions, take place in this fo-

ciety. In other words
-, every other per-

fon in fuch a fociety leaving a widow, there

muft arife from it a number of widows equal
to half its own number. But this does not

determine what number, all living at one and

the fame time, the fociety may exped: will

B 3 come
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come to be conftantly upon it. For if every
widow lived no more than a year, the fociety
would never have more annuitants upon it

than came on in a year. And on the con-

trary, if none ever died, the number of an-

nuitants would go on increasing for ever. *

*Tis, therefore, necefTary, in order to anfwer

the prefent enquiry, to determine how long
the duration ofjurvhorjhip between perfons
of equal ages will be, compared with the du~

ration of marriage. And the truth is, that,

fuppofing the probabilities of life to decreafe

uniformly (a) y the former is equal to the

latter; and confequently, that the number

offuruzvors, or (which is the fame, fuppo-

iing no fecond marriages) of 'widows and itrid-

tnvers alive together, which will arife from

any given fet of fuch marriages conflantly

kept up, will be equal to the whole num-
ber of marriages ; or half of them (the num-
ber of widows in particular) equal to half

(a) That is, fuppofing that out of any given number
alive at -any age the fame number will die every year 'till

all are dead. See the preceding note. That on this hy-

pothefis, the duration of furvivorihip is equal to the du-

ration of marriage, when the ages are equal ; or, in other

words, that the expectation of two joint lives, the ages

being equal, is the fame with the expeflatitn of furvivor-

ihip, may be learnt from the i8th and 2Oth problems of

Mr. De Msivre's treatife on annuities ; and a demonftra-

tion of it, together with a particular explanation of this

fubjeft, may be found at the beginning of the firft Eflay
to which I muft beg the reader to turn, if he is at any
lofs about the full meaning of what is here faid.

the
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the number of marriages. Now, it appears
that the decreafe in the probabilities of life,

is in fa6t nearly uniform. According to the

Ere/law, the Northampton and Norwich ta-

bles of obfervation, almoft the fame num-
bers die every year from 20 years of age to

77 (a). After this, indeed, fewer die, and
the rate of decreafe in the probabilities of

life is retarded. But this deviation from the

hypothecs is inconfiderable ; and its effeft,

in the prefent cafe, is to render the duration

of furvivorfhip longer than it would other-

wife be. According to the London table of

obfervations, the numbers dying every year

begin to grow lefs at 50 years of age ; and
from hence to extreme old age, there is a

conftant retardation in the decreafe of the

probabilities of life (b). Upon the whole,

therefore, it appears in anfwer to the pre-
fent queftion, that "

according to the three
"
former tables of obfervations, and fuppo-

"
flng no widows to marry, the number

<c

enquired after is fome\vbat greater than
' ' half the number of the ibciety ; but, ac-
"

cording to the London table, a good deal
te

greater."
It muft be carefully remembered, that this

has been determined on the fuppofition, that

(a] See Tables III. IV. and V. Appendix.

(b) The reafon of this difference between the London
and other tables, will be eiven at the end of the fourth

B 4 hufbands
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hufbands and their wives are of equal ages,

and that in this cafe it becomes an equal
chance which mall die firft. In reality nei-

ther of thefe fuppofitions is juft. Husbands

in general are older than their wives ; and in

equal ages the mortality of males has been

found to be greater than the mortality of fe-

males. For both thefe reafons, it is much
more than an equal chance that the hufband

will die before his wife, or that the woman
fhall be the furvivor of a marriage, and not

the man. This will increafe confiderably
the duration of furvivorfhip on the part of

the woman, and confequently the number

enquired after in this queftion. The mar-

riage of widows will allb diminim this num-
ber, and the operation of thefe caufes will

be different in different fituations. But it is

by no means to be expected (in the fituation

of the focieties I have in view) that the di-

minution from the latter caufe will be con-

fiderable enough, to overbalance the opera-
tion of all the other caufes which have been

mentioned, and reduce the number under
confideration fo low, as half the number of

marriages (a).

SCHOLIUM.
In London it appears, that there is a re-

tardation of the decreafe in the probabilities

(*) It will be pbferved hereafter, that this obfervatjoq
has been found to be true in fa&.
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of life, which renders the duration of furvi-

vorfhip between two lives of equal ages, con-

ftderabiy longer than their joint continuance.

It feems worth obferving, that this is the

reafon why, though the probabilities of life,

and therefore the values of fingle and joint

lives, are lefs in London than in other places,

yet the values of reverfions depending on fur-

vivorlhips, are in fome cafes greater there.

It is proper to add, that this likewife is the

reafon why, in calculating the values of joint
lives and reverfions, the prefent value of an

annuity payable yearly to the furvivor of two

equal lives, may come out equal to, or even

greater than, the prefent value of a like an-

nuity for the joint lives. As an annuity, du-

ring fuch furvivormip, will probably not be-

come payable for fome years, and therefore

the money given for it will have time to ac-

cumulate, it is manifeft, that the value of it

pould never be equal to the value of an an~

nuity on the joint lives, the payment of

which begins immediately, were not the ob-

{ervation now made true.

QjJ E S T 1 O N III.

" Such a fociety as that defcribed in the

?'
preceding queftions being fuppofed, in

" what time will the number of annuitants
<*
upon it come to a maximuw?"

ANS*
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ANSWER.

In order to be more clear in anfwering this

queftion, I will firft fuppofe the fociety to

comprehend in it from its firft eftablifhment,

a// the married perfons of all ages in any town
or country, where the number of people con-

tinue conftantly the fame. In this cafe, the

whole collective body of members will be at

their greateft age, at the time of the eftablim-

ment of the fociety; and the number of

members, together with the number of wi-

dows left every year, will, taking one year
with another, admit of no increafe or dimi-

nution. The number of widows in life to-

gether, derived from any given number com-

ing on a fociety every year, will increafe con-

tinually, till as many die off as are added e-

very year; that is, till they come to die off

as faft as poffible. But they cannot die off

as faft as poffible, till the whole collective

body of widows are at their greateft age ; or,

till there is among them the greateft number

poffible of the oldeft widows ; and, therefore,

not till there has been time for an acceffion

to the oldeft widows, from the youngeft part
of the widows that come on annually.

Let us, for the fake of greater precifion,
divide the whole medium of widows that

come on every year, into different claffes ac-

cording to their different ages, and fupfofe
fome to be left at 56 years of age, fome at 46,

ibmq
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fome at 36, and fome at 26. The widows,

conftantly in life together, derived from the

firft clafs, will come to their greateft age,
and to a maximum, in 30 years, fuppofing
with Mr. De Motvre, 86 to be the utmoft

extent of life. The fame will happen to the

fecond clafs in 40 years, and to the third in

50 years (a). But the whole body, compof-
ed of thefe clafles, will not come to a maxi-

mum, till the fame happens to the fourth or

youngeft clafs ; that is, not till the end of 60

years. After this, the affairs of the fociety
will become Jlationary, and the number of
annuitants upon it of all ages will keep al-

ways nearly the fame.

Such is the anfwer to this queftion, fup-

pofing a fociety to begin with its complete
number of members, confiding of married

perfons of all ages, in the fame proportions to

one another, with the proportions in which

they exift in the world. If it begins with

its complete number of members, but at the

fame time admits none above a particular

age : If, for inftance, it begins with 200
members all under 50, and afterwards limits

jtfelf to this number, and keeps it up by ad-

jnitting every year, at all ages between 26

and 50, new members as old ones drop offj

(a] In
ihejfpjxxdx, note (a], a rule is given, by which

the numbers alive at the end of any particular number of

years may be very eafily determined.

in
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in this cafe, the period neceflary to bring on

the maximum of annuitants will be juft dou-

bled. For, in the firft place, the v/hole col-

lective body of members will be 60 years in

getting to their greater! age, as may eafily

appear from what has been juft faid. The
annual medium of widows, therefore, that

will come on the fociety will increafe con-

tinually for 60 years, it being evident, that

the older any fet of married men are, taken

one with another, the fafter they will leave

widows. And after this annual medium is

increafed to a maximum, 60 years more will

be neceflary to bring to a maximum the num-
ber in life together, derived from fuch zjixed
annual medium conftantly coming on. If

fuch a fociety is any number of years in gain-

ing its maximum of members, the time ne-

ceifary to bring on the maximum of annuitants

will be flill further prolonged, and will be

equal to twice 60 years with that number of

years added. Moft of the focieties for grant-

ing annuities to widows are of this kind ;

and, therefore, fuppofmg them to gain their

complete number of members in ten years,
and for ever afterwards to preferve it, the

number of annuitants upon them will go on

increafing for 130 years. It is proper, how-
ever, to t)e remembered, that the increafe

will be quicker at firft, and afterwards flower;
and that, within 20 or 30 years of the end

5 f
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of this term, it will be fo flow as fcarcely to

be fenfible, though ftill real.

All who will beftow due attention on this

fubjecl: muft fee thefe decifions to be juft ;

'

and a demonftration of them might be given,
in a form more ftrictly mathematical, were
it neceflary.

QJJ E s T i o N IV.

<(
Suppofe the members of fuch a fociety

" as that defcribed in the preceding quefti-
" ons,tochufe making annualpayments during
" the continuance of marriage, in lieu of the
" fum which the reverfionary annuity for
" their widows is worth in prefent money ;

" What ought thefe annual payments to be,
*'

eftimating intereft at 4 per cent?"

ANSWER.

This will be eafily determined, by finding
v/hat annual payments, during two joint lives

of given ages, are equivalent to the value oi

the reverfionary annuity in prefent money.
-

Suppofe, as in Queftion I. the two joint lives

to be each 40, and the reverfionary annuity

30/. per annum. An annual payment during
the continuance of two fuch lives is worth,

according to Dr. Halleys table of obfervati-

ons, 9.82 (a) years purchafe. The annual

(a] See Table VII.

payment
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payment then ought to be fuch as being mul-

tiplied by 9.82, will produce (a) 1. 101.1, the

prefent value of the annuity in one payment
by Queftion I. Divide then /. 101.1 by
9.82, and the quotient, or /. 10.3 will be

the anfwer. This is very nearly the an-

nual payment of all the members at an ave-

rage, fuppofing equal numbers to offer them-
felves for admiffion of every age between -jo

and 50. As much as fome give lefs, others

ought to give more, according to their ex-

cefs of age. Thus, the annual payment of

a married perfon, 30 years .of age, ought to

be /. 9.39 ; and of a perfon 50 years of age
/. 11.33. ^ fc^e values of joint lives and

the reverfionary annuity are taken agreeably
to the London table of obfervations, thefe an-

nual payments will be, for 30 years of age (<),

/. 10.9, for 40, /. 12.5, for 50, 7.14.5.*

(a] Particular notice fhould be taken of the method
of notation here ufed, becaufe it will be carried through
the whole of this work. The figures on the right
hand of the full-point, fignify the decimal parts of i /.

Thus; /. 101.1, is /. 101 and the loth of i/. or /. 101
and 2J. ^9-39 is /.g, and 39 hundredths of i/. or

1. 9 : js. : 10 d. /. 11.33, is /. u, and 33 hundredths

of i/. or /. ii : 6 s. : 7 d. In general ;
it fhould be

remembered, that 2 (hillings allowed for every unit in

the firft place of decimals, and two-pence half-penny for

every unit in the fecond place of decimals, will give,

nearly enough, the value of the decimal part of every
iuch expreflion.

(b) The value of two joint lives of 30, taken from Ta-
ble XI. is 9.6. This fubtra&ed from the value of the

life in expectation, or from 13.1, by Table X. gives 3.5,
the
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If either the rate of intereft is fuppofed

lower, or wives are fuppofed younger than

their hufbands, the annual payments will be

increafed. But there is no occaiion for point-

ing out particularly the difference. It may
be eailly found in any cafes by the directions

now given. There is, however, one obfer-

vation which ought to be here carefully at-

tended to. This method of calculation fup-

pofes, that the firfi: annual payment is not

to be made 'till the end of a year. If it is to

be made immediately, the value of the joint
lives will be increafed one year's purchafe ;

and, therefore, in order to find in this cafe

the annual payments required, the value in

prefent money found by QueiL I. muft be

divided by the value of the joint lives in-

creafed by unity, and, in this way, the pre-

ceding values at
4. per cent, according to the

Brtfiaw obfervations, will be found to be

7.8.62 7.9.35 /. 10.07. According to the

London obfervations, /. 10, 7. i 1.2, 7.12.7.

the number of years purchafe which an annuity for a life

of 30 years of age, after another life of the fame age. is

worth. This remainder, multiplied by 30, gives 105 /.

the value in a fingle payment, fuppofing the reverfionary

annuity to be go/. And 105 /. divided by 9.6, gives
/. 10.9, the value o'f the fame annuity in annual payments,

during the joint continuance of the two lives, according
to the London obfervations. By firniiar operations all the

other values above given have been found.

QUES-
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Qu E s T i o N V.

" A fociety may chufe to make abate-
" merits in thefe annual payments, and to re-
"

quire the remainder of the value of the
"

reverfionary annuity to be given, in fines
" or premiums at the time of admimon j it

"
may, for inftance, chufe to fix the annual

"
payments of all the members to 5 guineas.

" What, in this cafe, would be the premium" due at admiffion, the annuity being fup-
<e

pofed 3O/. per annum, and intereft being"
at 4 per cent?"

ANSWER.
From the whole prefent value of the an-

nuity in one payment, fubtradt the value of

5 guineas per anmim, during the joint lives i

and the remainder will be the anfwer.

Suppofing the joint lives both 40, the

whole prefent value of the annuity in one

payment is, according to the Erejlaw obfer-

vations, /. 101.1, by Queft. I. The value of

5 guineas per annum, or of /. 5.25 per annum,

during two fuch joint lives, is 5.25, multi-

plied by the value of the joint lives 3 that is,

5.25, multiplied by 9.82, or /-5I-55; and

this fubtradled from /. 101.1, gives 7.49.5,
the anfwer required for two lives at the age
of 40. The anfwer found in the fame way
for two lives whofe common age is 30, is

7.46.5, and for two lives at 50, 507.
Accord-
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According to the London obfervations, thefe

values are, for two lives at 30, 7.54.6. At

40, 7.59. 4. At 50, 7.63. 3.

If the firft of the annual payments is to be
made immediately, the true anfwer will, in

every inftance, be the values found in the

manner now directed, diminimed by the an-

nual payment ; or, in the prefent cafe, 5

guineas lefs than the values fpecified.
The values, in premiums and annual pay-

ments* of any other reverfionary annuity, will

be as much greater or lefs than thefe, as the

annuity itfelf is greater or lefs.

QJJ E s T i o N VL
" A perfon 35 years of age wants to buy

** an annuity, for what may happen to re-
*' main of his life after 50 years of age*
" What is the value of fuch an annuity in
"

ready money', and alfo in annual payments,
"

till he attains to the faid age ; that is, in
" annual payments for 1 5 years, fubjecl: in
*' the mean time to failure, mould his life

"fail?"

ANSWER.
The prefent value of fuch an annuity is

the prefent value of a life at 50, in money to

be received 15 years hence, and the payment
of which depends on the contingency of the

continuance of the given life 15 years. That
is j it is equal to the value of a life at 50,

C mufti-
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multiplied by the prefent value of i /. to be
received at the end of 1 5 years, and alfo by
the probability that the given life will con-

tinue fo long. A life at 50, according to

Mr. DeMoivres valuation of lives, and reck-

oning intereft at 4 per cent, is worth u, 34
year's purchafe. The prefent value of i /.

to be received at the end of 1 5 years, is, by
Table I, 0.5553. And the probability that

a life at 35, will continue 15 years, is, ac-

cording to the Erejlaw obfervations -?44 (a).

And thefe three values, multiplied by one

another, give 7.4.44, or the number of years

purchaie that ought to be given for the an-'

nuity. The annuity then being fuppofed

50/. its value in prefent money is 222!.

(a] The probability that a given life (hall continue

any number of years, or attain to a given age, is (as
is well known) the fra&ion, whofe numerator is the

number of the living in any table of obfervations oppofite
to the given age, and denominator, the number oppofite to

the prefent age of the given life. Thus, in the prefent
inftance ; 346 is the number in Dr. Halley's table oppo-
fite to 50, and 490 the number oppofite to 35. 1^> (or
the odds of 17 to 7) is, therefore, the probability that a

perfon whofe age is 35 (hall attain to 50, or live 15 years.
in the fame manner it will appear, that, according to the

fame table, the probability that a perfon at this age fhall

live 25 years, is ^.| ; or nearly an even chance.

At Northampton and Norwich a perfon at the fame age,
has an even chance of living 26 years; but in London,

fcarcely 20 years. See Tables III, IV, V, and VIII.

Appendix. I will add, though foreign to my prefent

purpofe, that a perfon at the fame age has in thefe towns
a better chance of living one year, than in London, in the

proportion of 3 to 2.

In
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In order to find this value in annual pay-
merits, while the given life is attaining to 50,
it is neceflary to find the value of an annuity
for 15 years, fubject to failure on the ex-

tinction of the given life. And the value of

luch an annuity is, evidently, the lafl value

iubtra&ed from the value of the given life;

or, in the prefent inftance, /. 4.44, fubtracted

from /. 13.97. (See Table VI, Appendix) that

is, 7.9.53,^-2227. then, being the prefent va-

lue of an annuity of 507. for the remainder
of a life now 35, after attaining to 50; and

9.53 being the number of years purchafe,
which ought to be given for an annual pay-
ment to laft 15 years, if a life now 35 lafts

ib long, it follows, that the value of the fame

annuity in
.
annual payments till this life

attains to 50, is 222?. divided by 9.53 ; or

/- 2 3-3-
This calculation fuppofes, that the firft of

the annual payments is not to be made till

the end of a year. If the firft payment is

made immediately, the value will be, the

jingle payment divided by the value of the life

for the given term increafed by unity ; that is,

in the prefent cafe, 2227. divided by 10.53;
or /. 21.08.

If the value of the annuity is required in

a fingle payment, over and above any given
annual payment -,

dedudt the value of the an-

nual payment from the whole value in a fin-

gle prefent payment, and the remainder will

C 2 be
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be the anfwer. Thus > let 5 guineas, in the

prefent inftance, be the given annual pay-
ment for the afligned term; and let the en-

quiry be, how much more in prefent money
the fuppofed annuity is worth. By what has

been jufl faid, 9.53, multiplied by 5 guineas,
that is, 50 /. is the value of the annual pay-
ment; and this fum deducted from 222 /.

leaves 1727. the anfwer.

If the annual payment begins immediately,
its value is 10.53, multiplied by 5 guineas,
and the anfwer comes out /. 166.75.

In this way may be found the value, in

fmgle and annual payments, of any other an-

nuity, payable to an affigned life, after a given
term of years, taking any valuation of lives

or intereft of money. But care muft be ta-

ken to remember, that it is the title to ,the

annuity that will commence at the end of

the given term, and that the firft payment
is not to be made 'till a year afterwards ;

that is, in the cafe here fpecified, not 'till

the end of 16 years.

SCHOLI UM.

The value of the remainder of two joint

lives, after a given term of years, is likewifc

the value of i /. due at the end of the given
term, multiplied by the value of two joint

lives, each older by the given term than the

given lives ; and this produdt, multiplied by
the probability, that the given joint lives (hall

not
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not fail in the given term,- or (which is the

lame) by the product of the two probabili-
ties, that the fingle lives (hall each continue

the given term. And the value of an an-

nuity, on any given joint lives for a term of

years beginning now, is this laft value, fub-

tracled from the whole prefent value of the

jointlives. Thus; the value of two joint lives,

one 40 years of age, and the other 50, (fee

Table VII.) is 8.91; which, multiplied by
0.6755, tne value of i/. due 10 years hence,
and by TTT, (the probability that a life at 30
fhall continue 10 years) and alfo by -|^4, (the.

probability that a life at 40 fhall continue 10

years) gives 3.92, the prefent value of the

remainder of two joint lives, aged 30 and 40,
after 10 years; and this value, fubtracled

from 10.43 (^c va^ue *n Table VII. of two

joint lives, aged 30 and 40) leaves 6.51, their

value for 10 years.
As the value of the longefl of two lives is

always the value of the joint lives, fubtrafted

from the fum of the values of the two///<?
lives ; their value alfo for any given term, is

the value of disjoint lives for the given term,

fubtracted from the fum of the values of the

Jingle lives for the given term.

The truth of thefe rules may eafily appear
without particular proof. I nave, however,

pointed out the method of demonftrating
them in a note (a) at the end of this work.

(a) See note (B) in the Appendix, ,

C 3 By
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By fimilar operations, may be found the

values of 3 or more joint lives, or the longed
of three or more lives, for a given term of

years, or of what mall remain of them after

a given term of years.

QJJ E s T i o N VII.

" The prefent value is required of an an-*

"
nuity to be enjoyed by one life, for what

"
may happen to remain of it beyond ano-

* ther life, after a given term \ that is, pro-
'* vided both lives continue, from the pre-
" fent time, to the end of a given term of
<*

years ?
"

ANSWER.
Find the value of the annuity for two lives

greater, by the given term of years, than the

given lives. Difcount this value for the gi-
ven term ',

and then, multiply by the proba-

bility, that the two given lives mall both

continue the given term; and the product
will be the aniwer.

EXAMPLE.

Let the two lives be each 30. The term
feven years. The annuity, io/. Intereft, 4
-percent.- The given lives, increafed by
7 years, become each 37. The value of two

joint lives each 37, is (by Table VII) 10.25.
The
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The value of a fing e life at 37, is (by Ta-
ble VI) 1 3.67. The former, fubtra&ed from

the latter, is 3.42, or the value of an annuity
for the life of a perfon 37 years of age, after

another of the fame age, by Queft. I. 3. 42
difcounted for 7 years, (that is, multiplied by

0.76, the value of I /. due at the end of feven

years, by Table I.) is 2.6. The probability
that a fingle life at 30 mall continue 7 years,

js (by the hypothecs explained page 2.)

Jf- (a). The probability, therefore, that two
fuch

(a) In this-cafe, it is on fome accounts beft, as well

as eafieft, to take the probabilities of life from the hypo-
fhefis, rather than immediately from the Tables. Fifty-
fix perfons being fuppofed alive at 30, one will die every

year, according to the hypothefis. At the end of (even

years then, the number of the living will be 49, and
^.|,

or

the odds of 7 to i, is, by note p. 18. the probability, that

a life, aged 30, will continue 7 years ; and this fraction,

multiplied by itfelf, is the probability, that two lives of

this age, (hall botb continue 7 years. In general, it muft
be remembered, that the probability, that any two or

more events fhall all happen, is the product arifing from

multiplying by one another, the probabilities of all the

events taken feparately. The probability, therefore, that

any number of perfons will all live any given time, is

rightly found by multiplying into one another the proba-
bilities that each of them will live that time. It may
further be of ufe to fome, that I (hould obferve here, that

the difference between unity and the fraction exprefiing
the probability, that an event will happen, gives the

probability that it will not happen. Thus ; the probabi-

lity, that a perfon 40 years of age will live u years,
is by the

Brejlaw Table
-*|-J..

The probability, there-

fore, that he will not live 11 years, is ^-|., fubtra<fte<i

G 4.
fror>
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fuch lives mall both continue 7 years, is

rT^ij or, in decimals 0.765. And 2.6 mul-

tiplied by 0.765, is 1.989, the number of

years purchafe which ought to be given for

an annuity, to be enjoyed by a life now 30
years of age, after a life of the fame age, pro-
vided both continue 7 years. The annuity
then being io/. its prefent value is /. 19.89.

By (imilar operations, it may be found,
that fuppofing the term one year, and the

ages and the rate of intereft the fame, the

prefent value of the fame reverfionary an-

nuity is /. 32.4; and that if the term is 15

years, the value is /. 9.7.
For two lives each 40, thefe values are

7.30.33. 7.17.44.- 7.7.3. t ^lc term Deing
3, 7, or 15 years.
For two lives each 50, the fame values

for the fame terms, are 7. 28.2, 7. 13.86,

7.4.34 (*).

Thefe values, according to the London ob-
fervations and Mr. Simpfons Tables of the

values of fmgle and joint lives, are,

from unity or ^-. In like manner: The probability that

two perfons aged 30, fhall both live 7 years, being 0.765,
the probability that they will not both live fo long, or

that one or ether uf them will die in 7 years, is 0.765 fub-

tra&ed from unity, or .235.
'

If any reader is unwilling to take thefe aflertions for

granted, he fijculd confute the beginning of Mr. De
Afoivre's, or Mr. Simpfon's Treatifes on the Doctrine of

Chances, where he will find them demonftrated.

() SeeNote'(C) Appendix."

For
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For 2 liyesat 30 7.32.05 7.18.62 7.7.66.
at 4o 7.30.7 7,15.6 7.5.45.
at 50 7.29.36 7.12.337.3,24.

QJJ E s T i o N VIII.

" Let the fchetne of a fociety for granting
*' annuities to widows, be, that, if a member
*' lives ayear after admiffion, his widow (hall
" be entitled to a life annuity of 20 7. If
"
feven years, to io7. more, or 307. in the

" whole, \iffteen years ; to another addi-
?' tional 10 7. or 40?, in the whole. What
?' ought to be the annual payments of the
" members for the ages of 30, 40, and 50,
* e

fuppofing them of the fame ages with their
"

wives, and allowing compound intereft at
'

ANSWER.

According to the bypotbefis, explained p.
2, and, therefore, 'very nearly, according to

jthe Tables of observation for Ere/law, Nor-
wich, and Northampton,

L 8.44 7. 8,69 7. 9.05.

According to the London obfervations,

/. 9.41 7. 10.177. 10.92.

Thefc
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Thefe values are eafily deduced from the

'values in the laft queilion. For example,
The value of io/. per annum for life to 40
after 40, provided the joint lives do not fail

in one year,, is, according to the bypotbe/is,
I. 30.33. The value of 20 /. per annnm> in the

fame circumftances, is, therefore, 7. 60. 66,

In like manner, the value of io/. after^yH'stf

years, is /. 17.44. And of io7. after 1 5 years

/7-3. Thefe values together make 7.85.4, or

the value of the expectation, defcribed in this

queftion, in a Jingle prefent payment ; which,
divided by 9.82, (the value by Table VII. of

two joint lives at 40) gives 7.8.69, the value

of the fame expectation in annual payments.

.during the joint lives. In the fame manner

may be found the anfwer in all cafes to any

queftions of this kind.

Thefe calculations fuppofe, that the an-

nual payments do not begin till the end of

a year. If they are to begin immediately, the

true annual payments will be, as was before

dbferved, tbejtng/e payments, divided by the

value of the joint lives increafed by unity;
and in the prefent cafe they will be, by the

bypotbejisy

t-7-75 /.7-9 /- 8 -7-

By the London obfervations,

7.8.527.9.067.9.51.
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By the method of calculation now ex-

plained, may be eafily found in all cafes,

fuppofing the annual payments previoufly

fettled, what the reverfionary annuities are

correfponding to them in value. Thus, the

annuities being the fame with thofe menti-

oned in this queftion, the mean annual pay-
ments for all ages between 30 and 50, are

nearly SI. according to the higbeft probabi-
lities of life; 9/. according to the hwefl; and

8 guineas the medium (a) -, interefl being at

4 per cent, and the firft payment to be made

immediately.
If the mean annual payments, beginning

immediately, are fixed to five guineas, the

correfponding life annuities will be nearly

(by the hypothefis] i2/. if the contributor

lives a year, and 247. if he lives feven years ;

or (by the London obfervations) I2/. if he lives

a year, and 20 /. if he lives feven years (<).

It

(a] The value of this expectation, fuppofmg married

men 40 years of age, and their wives 30, is, in a Jingle

payment, H3/. In annual payments beginning immedi-

ately 7.9.88, by the hypothecs. And 107 /. and 7.10.93,

by the London obfervations.

(b] If the annuities in expectation are 147. provided a

member lives a year, and 2o7. provided he lives feven

years, the proper mean Jingle payments for all ages, taken

one with another, under 50 or 52, is 50 guineas nearly,

according to all the Tables of observation, fuppofmg
equality of age between men and their wives. And the

addition which ought to be made, on account of excels

of age on the man's fide is, taking the neareft and the

eafieft
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It is obfervable, that the difference in the

values of the annuities, arifing from diffe-

rence of ages, and the difference in the pro-
babilities of life, is lefs in this queftion than

in queftion 4th ; and that, confequently, the

plan propofed in it, is the fafeft, as well as the

jnofl equitable and encouraging, that a fociety
can adopt.

It is neceffary to remark here further, that

yearly payments which begin immediately,
are more advantageous than half-yearly pay-
ments which begin immediately. Mr.

Sitnpfon (in his Treatife on The Dotfrme of
Annuities and Rever/ions, pag. 78, and alfo

in bis Select Exerajes, p. 283) has fhewn,

that, in the cafe of life annuities, half-yearly

payments, which begin at the end of half a

year, are ^ of a year's purchafe better than

yearly payments, which begin at the end of

a year. And it is manifeft, that half-yearly

payments, which begin immediately, are no

eafieft round fums, about a guinea and ~ for every year
as far as 17 years ; or, in the annual payments, (fup-

pofed 5 guineas) -{.
a guinea per annum for five years ex-

cefs, and i a guinea more for every four years excefs be-

yond five years, till the excefs comes to be 17 years.

And, I believe, that o guineas in Jingle payments, and fix

guineas in annual payments beginning immediately, may
very well be ftated as the loweft common payments proper
to be required, fuppofing all married men under 52, ta-

ken into a fociety, without enquiring into the difference

of age between them and their wives, the annuities be-

ing all along fuppofed to be
life annuities, and intereft

reckoned at 4 per cent.

c more
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more than half a year's purchafe better than

thofe which begin at the end of half a year.
But yearly payments, which begin immedi-

ately, are a whole year s purchafe better than

the fame payments to begin at the end of a

year. The difference of value, therefore,

between yearly and half-yearly payments,

fuppofing both to begin immediately, is a

quarter of a year's purchafe in favour of the

former*

QjJ E S t I O N IX.

" The value is required of an annuity to
<c be enjoyed for what may happen to re-
" main of one life after another, provided
t( the life in expectation continues a given" time?"

ANSWER.

Find by Queftion VI. the prefent value of

the annuity for the remainder of the life in

expectation, after the given time, and multi-

ply this value by the probability, that the

other life fhall fail within that time. Find

alfo, by Queftion VII. the value of the rever-

fion, provided both lives continue the given
time. Add thefe values to one another, and

they?//;; will be the anlvver in a fingle pre-
fent payment.

EXAM-
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EXAMPLE.

An annuity of i o/. for th? life of a perfoh
now 30, is to commence at the end of 1 1

years (a), if another perfort now 40, fhould

be then dead j or, if this mould not happen,
at the end of any year beyond 1 1 years in

which the former mall happen to furvive the

latter. What is the prefent value of fuch an

annuity, reckoning intereft at 4 per cent, and

taking the probabilities of life as they are in

Dr. Hal/eys Table ?

The value of io/. per annuni, for the re-

mainder of the life of a perfon now 30, after

ii years, found by Quell. VI. is 7.69.43.
-

The probability that a perfon 40 years of age
fhall live 1 1 years* is* by Dr. Ha/leys Table,

-HI. The probability, therefore, that he
will die in 1 1 years, is ^4 fubtrafted from

unity (), or -^T; which multiplied by 7.69.43,

gives 7. 17.16. The value of the reverfion,

provided both live 1 1 years, found by Queft;
VII. is 177. And this value added to the

(a) That is, the tide to the annuity is to commence
at the end of ii years, and the firft payment to be made
a year afterwards, in cafe the life in expectation fhould

continue fo long, and the other fail. But if both lives

ihould continue the given term, the firft payment is al-

ways to be made at the end of the year, in which the

former life fhall happen to furvive the latter. See Queft.

(b) See the Note, p. 23.

former,
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former, makes 7.34.16, the value required
in a Jingle prefent payment ; which payment
divided by /.i 1.43, (the value by Table VII.

of two joint lives, aged 30 and 40, with

unity added) gives 3/5 (a) or the value re-

quired in annual payments during the joint

lives, the firft payment to be made immedi-

ately. If, every thing elfe being the fame,
the affigned term is 15 years, the value re-

quired will be 29 /. in a Jingle payment
L

, and

/. 2.55 in annual payments.

QJJ E s T i o N X.

c< What money in hand, and alfo in an-
" nual payments during life, ought a perfon
" of an affigned age to give for a fum of mo-
"

ney, payable at his death to his heirs (b] ?

" In other words, what money in hand, and
" in annual payments during life, ought a
<f

perfon of a given age to pay for an
aflii-

" ranee of any given fum on his life ?"

ANSWER.
Subtract the value of the life from the

perpetuity. Multiply the remainder by the

(a) See the demonstration of this rule in Note (D)
Appendix.

(b) This queftion is the fame with Problem i6th, in

Mr. De Mohre's Treatife on Annuities, and Problem

26th, in Mr. Simpfon's Selefl Exercifes ; but the anfwers

there given are right only when applied to reverfionary

ejlates, and therefore mud be materially wrong, when,

applied to reverfionaryyami, as will appear from the Scho-

lium to this Queftion, and from note (E) in the Appendix,

produdt
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product of the given fum into the intereft of

ioo/. for a year: and this laft product, di-

vided by ioo/. increafed by its intereft for a

year, will give the anfwer in &Jingle prefent

payment. And this payment, divided by the

value of the life, will give the anfwer in an-

nual payments, during the continuance of

the life.

Example. Let the life be 50. The fum
ioo/. The rate of intereft 4per cent. And
the valuation of lives, that in Table VI. The

perpetuity, therefore (a), is 25. The inte-

reft of ioo/. for a year, is 4/. ioo/. increaf-

ed by its intereft for a year is JO4/. And
the value of the life 14.68. The value of the

life, fubtracled from the perpetuity, gives

10.32, which, multiplied by the produd: of

ioo/. into 4, or by 400, gives 4128. And
this, divided by 104, gives/. 39.7, the va-

lue of ioo/. payable at the death of a perfon

aged 36, in a fingle prefent payment. And
this payment, divided by 14,68, is /. 2.7, the

fame value in annual payments during the

continuance of the life.

Thefe values found in the fame way, agree*

ably to the valuation of lives for London, in

Table X, are /. 45.76, and /. 3.49. If the life

is 36, and intereft ^.per cent, thefe values are

43/. and 7.3.1, by Table VI, and 7.49.6,

(0) That is; the value of the fee Jimple of an eftate

found by dividing ioo/. by the rate of intereft.

and
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and 7.4.1, by Table X. If intereft is reck-

oned at 3 per cent, the fame values are, by
Tabje VI, for 30 years of age, 7.48.14.
2.86. For 36 years of age, 7.51.43, and

7.3.28.
It appears here, that difference of interefl

makes no considerable difference in the anf-

\vers to queftions of this kind, except when
the values are required in a fingle payment.

If the firft of the annual payments is to be
made immediately, the fingle payment is to

be divided by the value of the life, with uni-

ty added to it, agreeably to what has been

already obferved ; and the annual payments
in this cafe (intereft fuppofed at 4 per cent.)
will be by Table VI, for a life at 30, 7. 2.53
At 36, 7.2.9.

If the payments are half yearly payments
beginning immediately, the fingle payment
muft be divided by the value of the life in-

creafed by |, or .75, (fee Queft. VIII.) And
the half yearly payments, for the age of 36,
will be half 2.9, or 1.45. And half 1.45,
or .725, is likev/ife nearly the proper quar-

terly payments.

Again ; if an annual payment, beginning

immediately, of 7. 2.9, ought (reckoning in-

tereft at
AT per cent.) to purchafe ioo7. pay-

able at the failure of a life now 36 ; 57. by
the rule of proportion, ought to purchafe

I72/. And in like manner, it may be found,
that the fame annual contribution, in haif-

D yearly
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yearly or quarterly payments, beginning im-

mediately, ought to purchafe 1707. Thefe

fums, according to the London obfervations,

are 1327. and 1307. nearly.
The reafon of mentioning thefe particu-

lars will be feen in the next chapter.

SCHOLIUM.

If the reverfion is not a fum 1 but an an-

nuity for ever, or an eftate infeefimple, to be

entered upon after a given life, its prefent

value, in ajingle payment, will be " the value
" of the life fubtra&ed from the perpetuity,
" and the [remainder multiplied by the an-
"

nuity, or the annual rent of the eftate."

And the value, in annualpayments, will be, as

before, the fingle payment divided by the

value of the life. Univerfally. It ought to-

be remembered, that a reverfionary eftate,

after any given life or lives, is worth as much
more than a correfponding reverfionaryfum,
as ioo/. increafed by its intereft for a year,
is greater than ioo7. Thus, the prefent va-

lues, in fingle and annual payments, of ^L
per annum for ever, and of ioo7. in money
after any affigned life, are to one another,

(intereft being at 4 per cent.) as 104 to 100-,

or 1.04 to i. The reafon of this difference

is, that the calculations fuppofe, that the re-

verfionaryfum, and the firft yearly rent of

the eftate, or firft payment of the annuity,
are
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are to be received at the' fame time, after the

extinction of the lives in porTeffion. It is

eafy to fee, that this is a circumftance which
muft make the latter of moft value. But to

prevent any doubts about itj I fhall explain
it more particularly in a note in the Appen-
dix (a).

QJJ E s T i o N XI.

" A perfon of a given age, having an ycar-
(<

ly income which will fail with his life,
" wants to make provifion for another per-
" fon of a given age, in cafe the latter mould
"
happen to furvive. What ought the for-

<( mer to give in a fingle payment, and alfo

" in annual payments during their joint lives,
" for a given fum, payable at his death to
" the latter ?

"

It is manifeft, that the value of the given
fum in this cafe, mud be lefs than in the cafe,

ila-ted in the laft Queftion ; becaufe, here the

payment of it is fufpended on the contingen-

cy, that one life fhall furvive another, where-

as in the other cafe, it is certainly to be paid
at the failure of a given life.

ANSWER.
Find, by the folution of problem 32d,

p. 297, Mr. Simpfons Select Rxercifes, the

(a] Vicl, Appendix note (}.

D 2 value
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value of an eflate, correfponding to the given
fum, and depending on the given furvivor-

fhip. Divide this value by i /. increafed by
its intereft for a year, and the quotient will

be the value of the given fum in a iingle pre-
fent payment. And the finglc payment, di-

vided by the value of the given joint lives,

will be the anfwer in annual payments during
the joint lives.

The folution
I^have referred to is as fol-

lows.
" Find the value of an annuity on two e-

"
qual joint lives, whereof the common age

"
is equal to the age of the older of the two

'*
propofed lives

',
which value, fubtract from

" the perpetuity, and take half the remain-

f* der. Then fay, as the expectation of the
" duration of the younger of the two lives is

" to that of the elder, fo is the faid half re-
te mainder to a 4th proportional, which will
" be the number of years purchafe to be gi-
" ven for the eflate when the life in expec-
" tation is the oldeft of the two. But if this
" life is the youngeft, then add the number
" of years purchafe juft found to the value
" of the joint lives, and let the fum be fob-
" tracked from the perpetuity, and you will
" allb have the anfwer in this cafe (a)".

Let

(a] Mr. Simpfon has given the following examples of

this folution, adapted to London lives. Example I.

"
Suppofe the age of the expefiant to be 40 j of the pof-

*
feffor 30. The rate of intereft 4 /><?r

cent, and the
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Let the life in expectation be 30; snd the

other life 40 : The fum, ioo/. Intereft, 4
per cent. The valuation of lives, that in Ta-
ble VI.

The
expectation of the firft life, is 28; of

the fecond life 23, by Mr. De Mcivre's hy-

pothejis. The value of the joint lives is 10.43,

**
given legacy 5ooo/. or 2OO/. per annum. Then the

" value of two equal joint lives of 40, being 8.1, by
xt Table XI, and the perpetuity 25, the remainder or
"

difference will be here 16.9; whereof the half is 8.45."
Therefore, it will be as 23.6 to 19.6, fo 8.45 to 7.02"
years purchafe, or /. 1404, the required value."

Example II. " Let the age of the expettant be 30, of
" the pofltffir 40, and the reft as in the preceding exam-
*'

pie. Here the value of the joint lives 30 and 40, will
" be 8.8j which added to 7.02, (found above) the fum
*' will be 15.82; whence the anfwer, in this cafe, is

*'
9.18 years purchafe, or 1836."
1 have Ihewn, that the values of reverfionary eflates^

and reverfionary fums, are not the fame as is here fup-

pofed. The rule gives the true value when applied to

the former; but, when applied to the latter, the values

given by it muft be divided by i /. increafed by its inte-

reft for a year, as above directed. The fame obfervation

is to be applied to Mr. Sitnpfon's next Problem, or the

33d-
In thefe Examples, 23.6 and 19.6, are the expectations,

jn Table IX, of 30 and 40, according to the London Ta-
bles of Obferv.;tion ; and the method of finding them for

any age, and from any Tables of obfervation, is ex-

plained at the beginning of the fird Eflay.
In Mr. De Moivris bypsikefis^ the expectation of a life,

is always half the complement. See note p. 2. Some-
times the complement of a life is mentioned without any
view to Mr. De Mcivris hypothefis, and it then means
.double the expectation of the life whatever that may be

according to any Table of obfervations.

D 3 by
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by Table VII. The value of two joint live?,

both 40, is 9.82, by the fame Table. The
eftate correfponding to ioo/. is 4/. per ann.

and the prelent value of fuch an eftate to be

entered upon by a perfon 30 years of age, pro-
vided he furvives a perfon 40 years of age i?,

by the rule juft quoted, 7.33.32. And this

value, divided by i /. increased by its intereft

for a year, or by 1.04, is 7.32.03. the value

in iJingle prefentpayment of the fum of ioo7,

dependent on the given furvivorfhip. And
this iingle payment, divided by 10.43, is

7.3.07, the required value in annualpayments*

during the joint lives, if the firft payment is

not to be ma4e till the end of a year. But if

the firft payment is to be made immediately,
the required value in annual payments will be

7.32.03, divided by j 1.43, or 7.2.8- Thefe

values, according to the London observations,

or Mr. Siwpfons Tables founded upon them,
are 7.35.30, in nJingle payment, and 7.3.6, ia

annual payments, beginning immediately.

Mr. Simpfon, in the Problems following
that here quoted, has given folutions of moft

other Queftions, concerning the values of re-

verfions depending on furvivormips, where
the whole duration of two or three lives is

concerned. And I am acquainted with no
other folutions of thefe Queftions, which are

applicable to all Tables of obfervations, and

which at the fame time (proper regard being
i paid
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paid to the correction explained in the laft

Queftion) may be confidered as fufficiently

correct (a).

QjJ E S T I O N XII.

"
Suppofe an inftitution for the relief of

Cf widows to extend its afiiftance likewife
" to the families of married men, provided
"

they leave no widows. Suppofe, for in-
*'

fiance, that in this cafe children are to be
" entitled to roo/. What is fuch an expec-
" tation worth, in prefent payment, accord-
"

ing to Dr. Halleys Table, intereft being at

"
4 per cent?"

ANSWER.

If 40 is the mean age at which members
are admitted on fuch an inftitution, and 32
the mean age of their wives, the anfwer

(fuppoiing no fubfequent marriages) is, by
the 33d Problem in Mr. Simpfon's Select Ex-
erciies, p. 298, and the correction already

explained, /. 13.80 (b).

But

(a) See the third Effay.

(b] This Problem and its folution are given by Mr.

Simpfon in the following words. " A and his heirs are
4C entitled to an eftate of a given value, upon the deceafe
" of B, provided B furvives A ; to find the value of
<e their expectation in prefent money." Solution. "Find
*' the value of an annuity on the longeft of two equal

D 4
"

lives,
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But there is a reduction neceflary, on ao
count of the chance there is, that a widower

may marry again. Suppoie, therefore, one
half of all widowers to marry a fecond and
third time, and that two fifths of fuch wid-
owers furvive thefe fubfequent marriages. In

this cafe, 4 added to \ of 4, or A of all who
become widowers, will die without leaving
widows, and therefore TVof /. 1 3.8, or /. 9.66,
will be the aniwer. If only onefourth of
all who become widowers marry again, and
two fifths of thefe furvive, the aniwer will

be /. 11.73.

* '
lives, whereof the common age is that of the older of

*' the lives A and B ; which value fubtrat from the
"

perpetuity, and take half the remainder ; then it will

be as the expe&ation of duration of the younger of
the lives A and B, is to that of the older, fo is the

faid half remainder to the number of years purchafe

required, when the life B is the older of the two. But
if B be the younger ; then to the number thus found,
add the value of an annuity on the longeft of the lives

A and B, and fubtracl the fum from the perpetuity, for

the anfwer in this cafe."

. If the eltate is 4/. per annum, the age of B 40, and of

A 32, intereft 4 per cuit. the anfwer by this rule comes

put /. 14.35, which divided (as in the preceding queftion)

by 104, gives /. 13.80, the value, as above, of ioo/. in

money. If B is 30 and A 40, the fame value is 2o/.

N. B- The value of the iongeft of two lives is always
the difference between the value of the joint lives, and the

futn of the values of the two given Jingle lives. Thus;
the value of a life at 40, is, by Table VI, 13.2. The
fum of the vJues of two fuch lives, is 26.4. The value

"of two joint lives, whofe common age is 40, is, by Ta-
ble VII, 9.82; and the difference is 16.58, or the value

pf the \wpejl of two lives at 40.
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This calculation fuppofes all marriages to

leave children who furvive their parents. If

this is conlidered as uncertain, the values now
determined muft be diminifhed in the pro-
portion of this uncertainty. Thus; if one

marriage in feven fails of leaving children (a)
that furvive their parents ; thefe values will

be reduced a feventb part, or to /. 8.28, if

balfy and /. 10.05, if a quarter of all widow-
ers marry.

In this way may any other queftions of the

fame kind be aniwered on any fuppoiitions
that may be thought moft reafonable.

QJJ E s T i o N XIII.

" Let an eftablifhment be fuppofed which
" takes in at once all the marriages in a
<c

country, or all marriages among perfons
* ( of a particular profeffion within a given
<c

diftrid:, and fubjeds them for perpetuity
" to a certain equal and common tax, or an-
" nual payments, in order to provide life an-
*' nuities for fuch widows as mall refult from
" thefe marriages. What ought the tax to
"

be, fuppofing the annuity 20 /. and calcu-
"

lating at $per cent, from Mr. Dt Mozvre's
" valuation of lives j or, which is nearly the
" fame, from the probabilities of life' in Dr.
'

Ha/fey's Table of obfervatioas ?"

(a) This for many years has been nearly the fa& a-

piong the minifters and profefibrs in Scotland.

ANSWER.
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ANSWER.

Since at the commencement of fuch an

eftablifhment, all the oldeft, as well as the

youngeft marriages, are to be entitled equally
to the propofed benefit, a much greater num-
ber of annuitants will come immediately up-
on it, than would come upon any fimilar

eftablilhmerit, which limited itfelf in the

admiffion of members to perfons not exceed-

ing a given age. This will check that ac-

cumulation of money, which mould take

place at firft, in order to produce an income

equal to the difburfements at the time when
the number of annuitants comes to a r/iaxi-

?num; and, therefore, will be a particular bur-

den upon the eftablimment in its infancy. For

this, ibme compenfation muft be provided ;

and the equitable method of providing it, is,

by levying^yfrzw at the beginning of the efta-

blimment, on every member exceeding a gi-
ven age, proportioned to the number of years
which he has lived beyond that age. But in

theprefent queft-ion, it is fuppofed, that fuch

fines cannot be conveniently levied, or that

every payment mull be equal and common,
whatever difparity there may be in the value

of the expectations of different members.
The fines, therefore, muft be reduced to one

common one, anfwering as nearly as poffible
to the di ("advantage I have mentioned, and

payable
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payable by every member at the time when
the eftabliihment begins. After this, the

eftablimment will be the fame with one that

takes upon it all at the time they marry;
and the tax or annual payment of every mem-
ber adequate to its fupport, will be the annu-
al payment during marriage, due from perfons
who marry at the mean age at which, upon
an average, ail marriages may be confidered

as commencing. There are then two points
to be here determined. The fives neceffary to

be paid at nrft, according to the account I have

juftgiven; and the conjlant annual paymenty

neceffary to be made by every member, as

an equivalent for the expectation provided

by the eftablifhment. Thefaes to be paid
at firft are, for every particular member, the

fame with the difference between the value

of the expectation to him at his prefent age,
and what would have been its value to him
had the fcheme begun at the time he marri-

ed ? Or, they are, for the whole body of

members, the difference between the value

of the common expectation, to perfons at the

mean age of all married perfons taken toge-
ther as they exift in the world, and to per-
fons at that age, which is to be deemed their

mean age when they marry.
Thus; let 33 for the man, and 25 "for the

woman, be the mean ages of all that marry
annually. Let alfo 48 be the mean age of

all the married men in the world, and 40 of

married
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married women (a). Now, he that will

calculate for thefe ages, in the manner di-

refted in Queft. IV. will find, that the value

in annualpayments during marriage, and be-

ginning immediately, of the expectation of

an annuity of 2O/. per annum, by a perfon

25 years of age, after a lite whole age is 33,
is 7.6.64. And that 7.8.04, 1S t ^le va^ue of

the fame expectation, the ages being 48
and 40.
The former, therefore, is the payment for

perpetuity from every member of the efta-

blimment; and the value of the difference be-

tween it and the latter, or of /. 1.4 per atm.

payable during two joint lives, whole ages
are 40 and 48, that is, /. 14.2, is the fine ne-

ceflary to be levied on every married mem-
ber at the beginning of the eftablimment (b],

It would be eafy to extend the benefit of

fuch an eftablilhment, fo far as to provide

jpo/. for the children of members, provided

(a] I mud beg leave to refer to note (F) in the Ap-
pendix, for an explanation of what 1 mean by the mean

ages of married men and women, and alfo for a confir-

mation of the anfwer I have given to this queftion.

(b] An annuity for ever, the firft payment of which
is to be made immediately, is worth 26 years purchafe,
intereft being at 4 per cent, /. 14.2 therefore, is equiva.-
lent in value to c-55/. or n j. per annum, for ever. Add
this to /.6.64, and it will appear, that /. j.ig per annttm^

beginning immediately, is the anfwer to this queftion,

fuppoiing the value of the fine to be provided for in the

perpetual annual payments.

they
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they leave no widows ; and the necefTary ad-

dition on this account to the perpetual an-

nual payments, can fcarcely, in the circum-,
ftances this question fuppofes, be much more
than about i$s. payable during life, and ex-

cluding from all benefit fuch as happen to

be widowers at the commencement of the

eilablifhment, and do not afterwards marry.

If, in fuch an eftablimment, all perfons
of a particular denomination, whether mar-
ried men, widowers, or batchelors, are .fub-

je&ed alike to the taxes and fines; they

ought to be as much tefs, as the whole num-
ber of perfons fubjedted to -them, is greater
than the number of marriages conflantly

exifting.
In carrying thefe fchernes into execution,

there cannot be a more eafy, or equitable

way of raifing the neceffary fines, than by

providing, that none (hall be entitled to any

expectation for a few of
the^firil: years. Thus ;

an eftablimment, entitling widows to 2O/.

per annum for life, and confiding of 667
married members, and 344 unmarried, al-

ways kept up at an average, ought to begin
with a capital of /. 14.2 multiplied by 667,
or 947 1/. befides one payment in hand of

the conftant annual payments. That is, (the

proper annual payment of every member be-

ing in this cafe T
6

oVr, multiplied by 7.6.64,
or 7.4.38) it ought to begin \vith a capital

of
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of 13,8997. over and above the payment of

7.4.38, at the end vi every year for ever af-

terwards (a). The exclufion of all the firft

members from any benefit, unlefs they fur-

vive the firft two years, or live to make three

payments, would raife this capital nearly.
And fuch an exclufion for three orfour years,
would be an advantage fo confiderable, that

it would probably give fecurity and
(lability

to the fcheme for all fubfequent time.

In thefe obfervations, I have had in view,
feveral fchejnes of the kind defcribed in it,

which are now actually eftablimed in this

kingdom ; but more particularly, one begun
among the London and Middlefex clergy, and

another which is eftablimed by a<ft of par-
liament, among the ckrgy in Scotland, of

both which, I (hall have occafion in the next

chapter to take further notice.

I have chofen to calculate here only from
Dr. Hal/eys Table, or Mr. De Moivres by-

pothejis grounded upon it, becaufe the London

Table is, by no means, adapted to the cafes

in view.

The difference of eight years between the

ages of men and their wives, as here taken,
is probably too little; and for this reafon,-

(a] Or, fuppofingthe value of 9471 /. (the fine) provid-
ed for in the annual payments, it ought to receive every

year, at the beginning of the year, a contribution from
each member of /-4-74.

and
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and alfo on account of the greater mortality
of males, the values I have given mould be

confidered as the lowed that any fcheme

ought to provide.
It mould be further remembered, that

when the mean ages, at which marriages
commence, are fuppofed to be 33 and 25,
all fecond and third marriages are included ;

and that it is to be expected, that almofl all

thefe marriages will begin after thefe ages ;

and likewife, that a confiderable proportion
of the firft marriages will begin a much lon-

ger time after thefe mean ages, than any of

the other firft marriages will begin before

them. Probably, therefore, thefe mean ages
mould not be taken younger. One or two

years, however, more or lefs, in every fup-

pofition I have made, will make no diffe-

rence of any confequence.

QjJ E S T I O N XIV.

" A perfon of a given age has an eftate de-
"
pending on the continuance of his life for

" a given term. What ought he to give for
"

having it ajjurcd to him for that term ?"

A N S W E R .

From the value of an annuity certain for

the given term, found by Table II, fub-

tradl the value of the life for the given term,

found
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found by Queft. VI. and referee the remain-

der. 'Multiply the value of i /. due at the

end of the given term, (found by Table I.)

by the perpetuity, and alfo by the probability,

that the given life fhall fail in the given term.

The produft added to the rejerved remainder,
and thzfum multiplied by the given annuity,
will be the required value of the aflurance

in one prefent payment (a).

EXAMPLE.
An eftate or annuity of lol.for ever, will

be loft to the heirs of a perfon now 34,
fhould his life fail in 1 1 years. What ought
he to give for the afj'urance of it for this

term ? That is; what is the prefent value

of fuch an annuity to be entered upon at the

failure of fuch a life, fhould that happen in

i j years ?

The value of the life of a perfon whofe

age is 34 for 1 1 years, is, by Queft. VI.

(reckoning intereft at 4 per cent, and calcu-

lating from Dr. Hallefs Table of obferva-

tions) 7.76 ; which, fubtracted from 8.760,

(the value of an annuity certain for 1 1 years)
leaves i/. the remainder to be referved.

The value of i /. to be received at the end
of 1 1 years, is, 0.6496, by Table I. The pro-

bability that the life of a perfon, aged 34,

(a] Sec the demonftration in note (G) Appendix.

{hall
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(hall fail in 1 1 years, is, by Dr.
&a/fcy's

Ta-

ble, Try? and the perpetuity 1525. Thefe

numbers, multiplied by one another, and i

added to the product, make 4.34, which,

multiplied by 10, (the given annuity) gives

7.43.4, the required value in a fingle prelent

payment.

7.43.4, divided by 1.04, gives 7.41.7, the

true value, by Scholium to Queft. X. of the

affurance of an equivalent fum, or of 2507. for

1 1 years on the given life.

Again. 41.7, divided by 8.76, (the value

of the given life for the given time with unity
added to

it) gives 4.76, the fame value in an-

nual payments beginning immediately, for

1 1 years (a), fubject to failure mould the

life fail.

SCHOLIUM.

In a fimilar way may the price of afTuran-

Ces on any two jbirit lives, or the lorigeft
of

two lives for any given terms, be calculated;
the rule being as follows :

" From the value of an annuity certain,
" for the given term, fubtrad: the value of
" the joint lives, or the longeft of the two
* { lives for the given term y found by Scho-
" lium to Qtieft. VI. and referve the remain-
" der. Multiply the value of i 7. to be re-

(0) The laft payment to be made at the end of the

nth year j or 12 payments in
all._

E <{ ceived
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<f ceived at the end of the given term by the
"

perpetuity, and alfo by the probability
'* that the joint lives, or the longeji of the two
"

fives, {hall fail within the given term. This
"

product added to the referved remainder,
" and the/H/w multiplied by the annuity to be
"

allured, will be the value of the affurance
" in a fingle prefent payment."

EXAMPLE.
" What is the value of io/. per annumy to

" be entered upon, fhould either of two
"

perfons, one 40 and the other 30 years of
"

age, die in ten years, reckoning intereft

" at 4 per cent, and calculating from Dr.

Hal/e/s Table."

The value of two joint lives at thefe ages,
for io years, (found by Scholium toQueft. VI.)
is, 6.51 ', which, fubtradted from 8.1 1 1, (the
value of an annuity certain for io years, at

4 per cent.} leaves 1.60, the remainder to be

referred.
The value of i /. to be received at the end

of io years, is, -6755, by Table I.

The probability, that the lives of one or

other of two perfons, aged 30 and 40, (hall

fail in io years, is, 44f, by Table III (a).

(a] The probability taken from the Table, that a per-
fon aged 30, (hall live io years, is, f-y-f-

That a perfon,

aged 40, (hall live io years, is, |^|. That they fhall

both live io years, is, -*-|, multiplied by .*{, or |f^.
That they fhall not both live io years, or that one or other

of them mall die in this time, is, .|Af , fubtra&ed from

unity, or, 4. See note p. 23.

And
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And the perpetuity 25. Thefe numbers,

multiplied by one another, and 1.60 added
to the produft, make 7.48, which, multiplied

by 10, (the given annuity) gives 7.74.8, the

anfwer in a tingle prefent payment.
7.74.8, divided by 1.04, gives 7.71.92, the

value of the affurance of an equivalentfurn \

or of 2507. 7.71.92, divided by 7.51, (the
value of the two joint lives for 10 years with

unity added) gives 9.57, the value of the

fame fum in annual payments beginning im-

mediately, for 10 years, fubjedl to failure

mould the joint lives fail.

EXAMPLE II.

" What is the value of i ol.per a?mv.m> to be
" entered upon, fhould two perfons one 30," and the other 40, both die

-, that is, mould
" the longejl of the two lives fail in 10 years,
"

reckoning intereft at 4 per cent, and cal-
"

culating from Dr. Halley's Table ?
"

The value of the longeft of the two lives

for 10 years, (that is, the value of the joint
lives for 10 years, fubtrafted from the fum
of the (a) values of the fingle lives for 10

years) is, 7.91; which, fubtradled from 8.111,
the value of an annuity certain for 10 years,
leaves .20 the remainder to be referved.

The value of 1 7. to be received at the end

(a) See Scholium to Queft. VI.

E 2 of
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of 10 years, is, .6755. The probability that

the lives of two perfons, aged 30 and 40,
fhall fail in 10 years, is, by Table III, -/-/T,

multiplied by -rr, or TT-TSTT '>
and the per-

petuity 25. Thefe numbers, multiplied by-

one another, and .20 added to the product,
make .740, which, multiplied by 10, (the

given annuity) gives 7.4, the anfwer in a fin-

gle payment.

7.4, divided by 1.04, gives I I, the va-

lue of the afturance of 250^

REMARK I.

The values of fmgle lives for given terms,

when thefe terms are lefs than 10 years,

mult, in anfwering thefe Queftions, and alfo

in anfwering the following Queftions, be

found true to at leaft 2 or 3 places of deci-

mals. But they cannot be found to this ex-

aftnefs by any Tables that are extant ; and,

therefore, they muft be calculated in the fol-

lowing manner :

"
Multiply the probability, taken out of

the Table of obfervations, that the life

" mall exift i, 2, 3, &c. years, by the value
" of i/. due at the end of i, 2, 3, &c. years;" and the fum of the produdls will be the
" value of the life for i, 2, 3, &c. years."

For Example. The probability, that a

perfon whofe age is 34, fhall live a year, is,

by
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by Dr. Halleys Table, . The probabili-

ty, at the fame age, of living 2 years, is, -14;

3 years, -^. ^ multiplied by .9615, (the

value, by Table I, of i /. due at the end of a

year, intereft being at 4 per cent.} is, .942 ;

or the value of the life for one year. ^4,

multiplied by .9245, (the value of i /. due at

the end of 2 years) is, .891. And this added

to the former produd:, gives 1.833; or the

value of the life for 2 years. *H, multiplied

by .8890, (the value of i /. due at the end of

3 years) is, .841 ; and this product, added

to 1.833, makes 2.674, or the value of the

given life for 3 years.
When the term exceeds 10 years, the rule

in Queft. VI. will give thefe values with fuf-

ficient exadinefs ; and it would do the fame

in all cafes, were the values of lives given
true to 3 or 4 places of decimals, and in

flrid agreement to the Tables of obfervation

ufed.
'

The remark now made is to be extended

to the values of'Jotnf lives for given terms.

For thefe values, like thofe of Jingle lives,

cannot be found in folving thefe Queftions
with fufficient accuracy, when the terms are

fmall, by any method, except the tedious

one, of multiplying the probability that the

2 lives mall both continue i, 2, 3, &c. years,

by the value of i /. due at the end of i, 2,

3, &c. years, and taking the fum of the pro-
dudts in the manner juft defcribed.

E 3 REMARK
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REMARK II.

If the annuity is to be entered upon, in

cafe of the failure within a given time of

any life or lives, at the end of that time-, and

not at the end of the year in which thefailure

way happen -,
its prefent value will be the pro-

duel: arifmg from the continual multiplication

by one another of the perpetuity increafed

by unity; the value of i/. due at the end of

the given time; the annuity 5 and the proba-

bility that the life, or lives, (hall fail within

the given time. And care fhould be taken

not to confound thefe twp forts of Qiieilions

with one another. Thus ; the value in one

payment of io/. per ami. to be entered upon
eleven years hence, in cafe a perfon aged 34
Ihould not live fo long, is 26, (the perpetuity
increafed by unity, intereft being at q.per cent.}

multiplied by .6496, and by io/. and alfo

by TffT> or 34-8- -This value, divided by
1.04, is, 33.5, the value of an equivalent
fuin, or of 2507. to be obtained on the fame
conditions.

The value of the ajjumnce of any annuity
on the whole continuance of any fingle life

is, by Queft. X. the exceft of the perpetuity
above the value of the life, multiplied by the

annuity. And in like manner; the value of

the ajjurance of any annuity on the whole

continuance of any two joint lives, or the

longejl
of two lives, is the excefs of the per-

petuity
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petuity above the value of the joint lives, or

of the longeft of two lives, multiplied by the

annuity. This is very obvious; but no ge-
neral method has been yet explained of find-

ing the values of afl'urances on lives and fur-

vivorfhips for terms of years lefs than the

whole continuance of the lives. For this rea-

fon, I have been here more explicit than I

fhould otherwife have been ; and, as fuch af-

furances are now much practifed, and may
be very ufeful if their values are rightly de-

termined, I have thought proper to add the

two following Questions, which, when join-
ed to Queftion XI. and Mr. Simpfons 33d
Problem given in the note p. 39, will, I be-

lieve, exhauft this fubjecl: as far as two lives

can be concerned.

QJJ E s T i o N XV.
c<

B, expectant, will lofe a given fum,
c< mould he furvive A, within a given time.
" What ought he to pay for the affurance of
"

it ? In other words :
" What ought he to

ff
pay for a given fum to be received at the

" death of A, mould he happen to furvive
" him within a given time ?"

ANSWER.
Divide thefum of the decrements of life

in the Table of obfervations from the age
of A, for the given time, by the given time;

and, by the quotient* divide the number of

E 4 the
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the living in the Table at the age of A ; and

again, by \h\sfecond quotient (a), divide the

given fum referring the third quotient.
Find the value of an annuity on the life

of B, for the given time. To this value add
the quotient, that will arife from dividing the

value of an annuity certain, for the given
time, by twice the complement of the life of

B ; and thefum, multiplied by the referred

quotienty will be the required value in a fingle

prefent (Jj) payment.

EXAMPLE.
f

Let the Table of obfervations be Mr. Sitnp-

Jpn's for London, or Table VIII. Let the rate

of interefl be 3 per cent. A, feven years of

age. B, 30. The given time 14 years.
The given fum. ioo/. The fum of the de-

crements>m Table VIII. for 14 years from fhe

age of feven, is 73, which, divided by 14,

gives 5.2. The number of the living at fe^

yen is 430, which, divided by 5.2, and
ioo/. divided by the quotient, gives /. 1.21,

the quotient to be referred.

(a] When the age of A is under 60, and the term fo

large as to exceed the difference between it and 70, it

will be beft, when the London Table is ufed, to divide

the given fum, not by the fecond quotient here menti-

oned, but "by the complement of the life of A, taken out

of Table IX.

(b) See the demonftration of this rule, and alfo of the

rule that will be given for folving the next Queftion, in

the Appendix, note (H).
The
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The value of an annuity for 14 years on

the life of B, is, by Queft. VI. 9.5. The
value of an annuity certain for 14 years, is,

by Table II. 11.296, which, divided by
94.4, (twice the complement of the life of B,

by Table IX) (a), gives .12, which, added to

9-5> g*ves 9-^2; and this again multiplied

by 1.2 1, the referred quotient, gives 11.64,
the prejent value in one payment of i oo/. pay-
able at the death of A aged 37, to B aged

30, mould A die and leave B the furvivor

within 14 years.
The prefent value for 14 years of two joint

lives, one 7 and the other 30 years of age,

may be found, by the help of Table XI, and

the rule in the Schdmm to Queft. VI. to be

nearly 9 years purchafe -, and, /. 11.64 di-

vided by this value with unity added, or by
10, gives 1.164, the foregoing value in an-

nual payments during the joint lives for 14

years, theyfr/? payment to be made imme-

diately, and the loft payment at the end of

14 years, mould the joint lives not fail.

S c H
I

O L i u M.

It deferves particularly to be remembered,
that in this method likewife may be calcu-

lated, what fums ought to be paid on any

furvivormip, within a given time, of one life

(fl)
This Table gives the expeflations only, but it fhould

be remembered, that twice the expectation is always the

fymflemcnt of a life. See note, p. 37.

beyond
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beyond another, in confideration of any gi-

ven fum now advanced. The following Ex-

ample of this is a cafe which has offered it-

felf in practice.
" A perfon, aged 30, has in expectation

" an eftate which is to come to him, pro-
*' vided he furvives a minor, aged 7, before
** he is out of his minority ; that is, pro-
" vided he fhould be himielf living at the
" time of the minor's death, fhould that hap-
"
pen before he is 21. In thefe circum-

(t
ftances, he wants to borrow iooo/. on his

"
expectation. What rever/ion out of the

" eftate depending on fuch a furvivorfhip, is

*' a proper equivalent for this fum now ad-

vanced, intereft being reckoned at 3 per
"

cent, and the probabilities of life being
"

fuppofed the fame with thofe in Mr. Simp-

"Jbns Table of London obfervations r"

ANSWER.
It appears from what has been juft deter-

mined, that for /. 1 1.64 now advanced, the

proper equivalent in fuch circumftances, is,

ioo/. to be paid, in cafe the furvivorfhip
fhould take place; or,, by the correction in

page 34, as much of the eftate as ioo/.

will buy at 3 per cent, fuppofing the firft rent

to be received immediately; (that is, fup-

pofing the eftate worth 34.33 years purchafe.)
or /. 2.9 1 2 per annum. By the rule of pro-

portion, therefore, for iooo/. the proper

equi-
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equivalent will be 8591 /. in money, or 2507.

per annum out of the eftate.

QjJ E S T I O N XVI.

" zoo/, will be loft to B's heirs, fhould he
*'
happen to die after A, within a given time,

<( What is the price of the afl'urance of it ?

" That is : What is the prefent value of
" ioo/. payable at the death of B, provided
" his death mould happen after A's death,
f* ivitbin a given time ?"

ANSWER.
Divide the fum of the decrements of life

in the Table of obfervations from the age of

B, for the given time, by the given time;
and by the quotient divide the number of the

living at the age of B; and again, by this

Jecond quotient (a), divide the given fum, re-

ferving the third quotient.
Find the value of an annuity on the life A

for a number of years, lefs by one year than

the given time, which fubtracl: from the va-

Jue of an annuity certain for the fame num-
ber of years. Multiply the remainder by the

referred quotient^ and divide the
prodiifl by

the amount of i /. for one year, and let this

be aJecond referved quotient.

(fl) Or rather, if the London Table is ufed, by the com-

plenunt of the life of B, when his age is under 6c, and

the term exceeds the different between it and 70.

Again.
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Again. Multiply into one another l\itjirjl
referved quotient, and the value of an an-?

nuity certain for the given time; and divide

the product by twice the complement of A's

life. This
loft quotient, added to thzfecond

referved quotient, will be the anfwer in a prer
fent lingle payment.

EXAMPLE.

Let the age of B be 40. Of A 30. The
fum ioo/. Rate of intereft 4 per cent. The

given time 20 years. The Table of obfer-

yations, Mr. Simpfons, or Table VIII. The
fum of the decrements of life, in this Table,
from the age of40 for 20 years, is 1 27, which,
divided by 20, (the given time) gives 6.38.

|The number of the living at 40 is 229, which,
divided by 6.38, gives 35.8; and ioo/. (the

given fum) divided by 35.8, gives 2.79, the

fry? quotient to be referved.

The value of an annuity for 19 years on
a life at 30 years of age, is 10.3; which,
fubtra&ed from 13.1 34, (the value of an an-

nuity certain for 19 years, by Table II) and

the remainder multiplied by 2.79, gives 7.89.
This product divided by 1.04, (the amount
of i/. in one year) gives 7.605 the fecond
referved quotient.

2.79 multiplied by 13.59, (the value of an

annuity certain for 20 years) gives 37.916;
and fais product divided by 94.41 (twice the

com-
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complement of A's life by Table IX.) gives

.401, which, added to 7.60, gives 8/. the

Anfwer, or, the value of ioo/. payable at the

death of B, on the contingency of his furviv-

ing A aged 30, and both dying in 20 years.
It is plain, that this is likewife the fum.

that ought to be lent to B now, on the ex-

pedtation of ioo/. at his death, provided it

fhould happen after A's death in 20 years.

This rule gives the juft folution in all cafes,

except when B, the expedtant, is iheyounge/t
of the two lives, and at the fame time the

term of years greater than the complement
of A's life. In this particular cafe the fol-

lowing rule muft be ufed.

Find, by the preceding rule, the value of
the affurance of the given fum for a term of

years, equal to the complement of A's life,

and let this value be referred. Multiply by
one another the givenJum -,

the value of i/,

to be received at the end of a number of

years equal to the complement of A's life;

and the value of an annuity certain for as

many years as the given term exceeds this

complement, And the produft, divided by
the complement of B's life, and the quotient
added to the value referred, will be the true

value fought.

EXAMPLE.
Let the age of B be 30 ; of A 40. The

term 47 years ; and every thing elfe as in

2 the
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the laft Example. The complement of A's

life, is, by Table IX, 39.2. The value of

ioo/. to be received at the death of B, if he

forvives A within 39 years, may be found

by the preceding rule to be L 16.15 ; the va-

lue to be referved. The value of i/. to be

received at the end of 39 years is, by Table

II, .2166. The value of an annuity certain

for 8 years, (the excefs of the given term

above the complement of the life of B by
Table IX.) is, 6.733.
And thefe two values multiplied by one

another, and by ioo/. give 145.83; which,
divided by 47.2, (the complement of the life

ofB) and 16.15, added to the quotient, make
/. 19.23, the value fought.

REMARK,
As after finding the prefent value of an

eftate, or annuity, it is neceffary to divide

that value by the amount of i /. in one yenr,
in order to find the prefent value of afum
equivalent to the annuity ; fo, after finding the

value of a fum, it is necefTary to multiply that

value by the faid amount, in Order to find

from it the value of an equivalent annuity,
In the firft Example, therefore, the value

of an eftate of 4/. per annum, would be 7.8.32.
In the fecond Example, 20 /. And this is,

as it ought to be, the value for the whole
duration of the lives, agreeably to the Pro-

blem in the note p^ge 37,
2 la
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In folving this Queftion, care alfo muft be

taken not to forget the firjl Remark under

the foregoing Queftion.
In the fame way with that in which the

rules in the three laft Queflions have been

difcovered, it is poffible to find rules for cal-

culating the values of ajjlirances, for given
terms, on lives and furvivorfhips, where three

or more lives are concerned. But this is of
lefs importance; and I chufe to leave to

others the further profecution of this fubjecl.

CHAP.



CHAR II.

Containing an Application of the
tyef-

tlons in the foregoing Chapter to the

Schemes of the Societies in Great

Britain, for making Affurances on

Lives and SurvivorJhlps^ and for

granting Annuities to Widows^ and
to Perfons In old Age.

SECT. I.

Of the London Annuity, and the Laudable

Societiesfor the Benefit of Widows.

THE
fcheme mentioned in Queft. VIII.

is nearly that of the London Annuity

Society. The Laudable Society is alfo formed
on a fimilar plan. In both, the annual con-

tribution of every member is five guineas,

payable half-yearly ; and for this a title is

given to an annuity of 20 /. to every widow

during widowhood, if the hufband, after ad-

miffion, lives one year according to \\\tfirft

fcheme ; or three years according to the (a)

(a) In this fociety a member who lives but one year,
is entitled to no more than an annuity of io/. for his

widow; if he lives two years, 15/. If he lives three years,
20 /. four years, 25 /. feven years, 30 /. ten years, 357.
thirteen years, 40 /.
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fecond\ of 307. if the hufband livesfeven years,

according to both fchemes; and 40 7. accord-

ing to the/r// fcheme, if he lives r 5 years,

or 13 years, according to the fecond.

In both fchemes alfo, there is no other pre-
mium or fine required, than five guineas ex-

traordinary, at admifiion, from every mem-
ber \vhofe age doss not exceed 45. The
Laudable Society admits none above 45, and

the London Annuity Society obliges every per-
fon between 45 and 55 to pay, at admiffion,

five guineas extraordinary, for every year that

he is turned of 45.
Thefe are the main particulars in thefe

fchemes ; and, therefore, both of them, were
the annuities to be enjoyed for life, would
receive (funpofing the members all under"

46 at admiffion, and of the fame ages with

their wives, and money at 4 per cent.} but

little more than three fifths of the true value

of the annuities; or about one half, fuppo-

fing wives, one with another, i o years young-
er than their hufbinds ; as appears from

Queftion VIII.

It appears further in that QuefKon* that,

fuppofing the annuities to be life annuities,

and men and their wives of equal ages, the

expeclation to which an annual payment of

five guineas beginning immediately, entitles,

is nearly \^L if the contributor lives a year,
and 20 /. if he lives ieven years (a), taking

(a) The fame annual payment vyill, on the fame fup-

pofitions, entitle to I4/. if a member lives a year, and i8A
if he lives tkree years.

F the
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the medium between the London and the

other Tables of Obfervation.

It is likely, that many perfons will be very

unwilling to believe, that thefe fchemes are

fo deficient as they have been now reprefent-
ed. I will, therefore, endeavour to prove
this in a way which, tho' lefs ftridr., is furH-

ciently decifive, and may be more likely to

be intelligible to perfons unfkilled in mathe-
matical calculation. I fhall here confine my-
felf to the fcheme of the London Annuity So-

ciety. The differences between it and the

fcheme of the Laudable Society are inconfi-

clerable, and what fhall be faid of the one will

be fully applicable to the other.

According to this fcheme, as it has been

juft defcribed, all that live 15 years in the

fociety will be entitled to annuities of 40 /.

per annum for their widows. Suppofe the

whole fociety, at admiffion, to be men of 40
years of age, taken one with another. A
perfon of this age has an even chance of liv-

ing 23 years; and he has an even chance of

continuing with a wife of the fame age, (that

is, of continuing in the fociety) 13 years
and 4 (#) ^ot much lefs, therefore, than

half

(a] This is the exaft truth according to Mr. De Moi-
vris Hypothecs, and the Norwich Table. But accord-

ing to Dr. HaUey's and the Northampton Table, a mart

40 years of age has an even chance of living no more
than 22 years, and of joint continuance with a wife of the

fame
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half the members will continue in the focie-

ty 15 years; and, confequently, not much lefs

than half the widows that will come upon
the fociety will be annuitants of 4O/. per an-

num. Thefe widows, however, being older

than the reft when they commence annui-

tants, will continue on the fociety a fhorter

time ; and, therefore, the number conftantly
in life together, to which they will in a

courfe of years increafe, will be proportion-

ably fmaller. Putting every thing as favour-

ably as poifible, let us fuppofe, that out of

20 annuitants conftantly on the fociety, Jvce
will be annuitants of 4O/. fix of ^ol. and

nine of 20 /. To 20 annuitants then the fo-

ciety will pay 5607. per annum, or the 2Oth

part of this ium, that is 28 /. to every annui-

tant at an average. But fuch an annuity for

a life at 40, after another equal life, provided
both furvive one year, is worth (byQueft. VII.

p. 24.) in a fingle prefent payment, 857.

nearly, according to the London, and all the

Tables ofObservations, intereft being all along

fuppofed at 4 per cent.

It cannot appear improbable to any one,

that this fhould be the true value of fuch a

reveriion. It is not credible, that there is

fame age, 13 years. Forty muft be more than the mean

age of the members of the fociety at admiilion, and on
this account the number cf annuitants of 4.0/. mil! be

proportion^bly greater. The mean age, therefore, has

been taken very moderately.

F 2 sny
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any fituation in which the decrements of life

are fuch as can make it a tenth part more or

lefs. 857. in prefent payment is the fame

with 3/. 8.r. per annum for ever. But is an

annual payment of five guineas, which muft

ceafe as loon as either of two lives each 40,
fails, equal in value to fuch a perpetuity ?

Every one mud fee, that there is a great dif-

ference. A fet of marriages between per-
ibns all 40, will, according to the probabi-
lities of life in Dr. Hal/e/s Table, iaft, one

with another, 15 years (a) ; and an annual

payment beginning immediately, during the

joint continuance of two perfons of this age,
is worth 10 years purchafe (<). The com-

panion then, in the prefent cafe, is between

3/. 8 j. per annumfor ever, and five guineas

per annumfor 15 years ; or between an an-

nuity of 3/. 8.r. worth 25 years purchafe,
.and an annuity of five guineas worth only 10

years purchafe.
But to throw this fubjet into another light.

(a} See the beginning of Eftay I.

() The value of fuch an annual payment, by T.ible

XI, or the London Obfervations, is 9.1 j
and 10.8, by Mr.

De Moivre'3 Hypothefis. I have not taken into this ac-

count the five guineas fine paid at admifiion, becaufe it is

obvioufiy of too little confequence to make any confide-

rable difFeience. The allowances I have made in favour

of thefe fchemes are more than equivalent to it. In par-
ticular ; it fhould be remembered, that the payments re-

quired by thefe fchemes, are half-yearly payments begin-

ning immediately ; and that thefe, by Queft. VIII. are

Jefs advantageous than the payments I all along iuppofe
them to require, or,

"
yearly payment* beginning imme-

"
diately."

I Let
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Let the number to which the fociety is

kept up be fuppofed to be 200. It has been

dcmonftrated in Qneft. II, that at Iraft half

this number of widows will in time come to

be con^antly on the fociety ; and it has alfo

been juft now (hewn, that the medium of an-

nuities, payable to them, will be at lead 287.

After a courfe of years, then, the fociety will

have a conftant expence to bear of 28oo7. per
annum. But what will be its income ? In

order to determine this, we muft confider,

that there are two fources from whence its

income will be derived. Firft, the annual

payments of the members. And, fecondly,
the money accumulated, or the capital raifed

during the time the number of annuitants is

coming to a maximum. The firfl of thefe

fources affords 1000 guineas, or 10507. per
annum. This wants 17507. of the annual

expence juft mentioned ; and, therefore, in

order to have the income of the fociety equal
to the burden upon it, when the annuitants

come to a maximum, there mufl be a fund
raifed in the mean time equal to 43,7507.
or to an eftate in perpetuity of 1750?. per
annum. But 10507. per annum beginning
immediately, and forborn 24 years, and im-

proved, without lofs or delay, all that time
at 4 per cent, compound intereft, will but

juft raife fuch a capital (a). There is, there-

fore,

(a) Every Queition of this kind may be eafily (blved

in the following manner. In Table I, find the value

F 3 of
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fore, the fulleft proof, that the fcheme I am
eontidering is extremely deficient. The
truth is, that icarcely a third of fuch a capi-
tal could be raifed, as will appear from the

following obfervations.

Out of 200 perfons, all 40 years of age,
more than five, according to the London Ta-
ble of Obfervations, and not fo many by Dr.

Ha'/efs Table, may be expected to die in a

year. Suppofe then five to be the real num-
ber of members that will die the firft year
of the fociety. In fubfequent years the col-

lective body of members will be continually

growing older; and, therefore, the propor-
tion of them that will die every year, will

be continually increafing, till it gets to a

maximum. I will, however, fuppofe, that

during the firft 20 years no more than the

of i/. payable at the end of any number of years j and

any given annuity divided by that value, will be the an-

nuity to which the Driven annuity will in that number
of years increafe. Thus ; the prefent value of i /. pay-
able at the end of 25 years, is .3751, reckoning intereft

zipper cent, and icxO/. per annum divided by .3751,

gives 2,8oo/. per annum, the increafed annuity arifmg
irom 1O5O/. per ann. In the fame manner ; it may be

found, that the fame annuity, forborn 1 1 years, will in-

creafe to ;6lo/. per annum. This fuppcfcs the firft pay-
ment of the annuity to be made a year hence. If the

firil payment is to be made immediately, which is the

prefent cafe, the annuity will increafe to the fame fums
in one year lefs time. But a more particular account of

this wi;l be given in the rules annexed to the Tables at

the end of this work.

number
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number juft fpecified will die every year -,
and

that, confequently, no more thftrtjraf widows

will come every year on the fociety. The

ages of all thefe widows, when they com-
mence widowhood, will, it is evident, be

between 40 and 60. One with another then,

they maybe conlidered as having commenced
widowhood at 50 years of age. Now, five

widows left every year at this age, will, in

10 years, increafe to 43 constantly in life

together, according to the expectations of

life in Tables III, IV, and 5 and, in 20

years, to 70 (a). Suppofe the true number
alive together at the end of 20 years to be

only 62. the greater part of thefe will be

annuitants of 3O/. and 4O/. per ann. and the

reft 20 /. Were the former only equal to the

latter, the medium of annuities payable to

them would exceed 25 /. Suppofe then this

medium to be no more than 26 /. and it will

(a] Every calculation of this kind is eafily made by
the rule in note (A) in the Appendix. I have put the

number living together at the end of 20 years at 62, not

only that the reader may be better fatisfied that I have

kept low enough, but alib to make an allowance for fuch

widows as will be left by thofe members who die within

a year after admiffion, and who, therefore, according to

thefe fchemes, will be entitled to no annuities. This

allowance is too large : For, after the firft year of the

fcheme, it will not happen above once in 4 or 5 years,
that the death of a member will be fo ciicumftanced,

fuppofing the probability that a man at 40 will live a

year, to be, as all but the London Tables make it, 50
to i.

F 4 follow
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follow, that, at the end of 20 years, the fo-

ciety will have an annual rent to pay of 26 /.

multiplied by 62 or i6i2/. and, if then able

to bear fuch an expence, it muft, in the in-

termediate time, have acquired an increafe of

income equal to the difference between 10507.
and i6i2/. per ann. That is j it muft, with

its favings, have accumulated a (lock equal to

562/. per ann. and worth 14,0507. But, as

during this time, there will be a number of

annuitants conftantly increasing, to whom
yearly payments muft be made, the favings of

the fociety cannot certainly be one half of

what they would have been had it been all

the time free from all burdens. Suppofe then

the -flock produced by thefe favings, to be

equal to the flock that would arife from an
income of 1050 7. per ann, beginning imme-

diately, and improved perfectly at 4 per cent.

compound intereft, for half the time I have

mentioned, or for 10 years, without being
fubjeft to any checks or deductions. Such an,

income thus improved, would, in 10 years,

produce an additional income of 56o7. per
annum, or a capital of 14,000 7. ^According
to thefe obfervations, therefore, the annual

income of the fociety at the end of 20 years,
and before a third part of the bigheft annui-

tants could come upon it, would begin to

fall (hart of its expences. About that time

then it would neceflarily run aground ; and

Jong before the number of annuitants could

rife
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rife to a 100, it would fpend its whole flock,

and find itfelf under a neceffity of either

doubling the annual payments of its mem-
bers, or of reducing the annuities one half.

All I have now faid is meant on the lup-

poiition, that the fociety begins with 200
members at 40 years of age, and is afterwards

limited to that number, by admitting no more
new members than will juft fupply the vacan-

cies occafioned by the lofs of old members.
If it is allowed to increafe, it may continue a

longer time. And, for this reafon, a fociety
that wants half the income necefTary to ren-

der it permanent, may very well fubfift, and
even profper for 30 or 40 years. Thus, the

Laudable Society, was it to keep to its prefent
number of members, might poffibly feel no
deficiencies for 20 or 30 years to come ; but

if it fhould continue to increafe at the rate of

70 or 80 every year, it would, at the end of

that time, pofleis a balance fo much in its fa-

vour, as might enable it to fupport itfelffor 20
or 30 years more (a). But bankruptcy would

come

(a] What has been before demonftrated in Queft. III.

fhould be here recolie&ed, that the number of annuitants

on fuch a fociety as this, muft go on to increafe for more
than ico years, after acquiring i:s greateft .number of

members.
The Laudable Society, I am informed, took its rife

from a calculation contained in a pamphlet entitled, The

Pojjibility
and Probabiliry of a SCHEME intendedfor the Be-

nefit ofWidows being able to fupport itfelf.
The fcheme here

jcfrrred to, is the fame with that which this Society has

fines
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come at laft, and with the more terrible

weight the longer it had been deferred.

The rule in the London Annuity Society,
which obliges every perfon between the ages
of 45 and 55, to pay at admiflion 5 guineas

extraordinary, for every year that he exceeds

45, is an advantage to it, but it is a very

inadequate, and alfo a very unequitable ad-

vantage. For at the fame time, that it ob-

liges a perfon 55 years of age, to give more

than the value of his expectation, it takes

above two fifths lefs
than the value from a

perfon who is 45 years of age.

Should- "any perfons remain ftili doubtful

about what I have faid, I would beg them
to attend to one further argument.

It muft be reckoned upon that every other

member of thefe focieties, fuppofing them to

confift of perfons all of the fame ages with

their wives, will leave widows to whom one

with another, (as already (hewn) at leaft 287.

fince followed ; and I am afraid I (hall not be credited,

when I fay, that the calculation to prove its capacity of

fupporting itfelf, is founded on the fuppofition, that a

hundred married men whofe common age is 36, will

leave but one widow every year, tho' at the fame time it

is fuppofed that two of them will die every year.
This miftake has made the whole calculation one half

wrong. Nothing can be plainer than that, if the death

of a married man does not leave a widow at the end of
the year, the reafon muft be, that both himlelf and his

wife have happened to die in the year. But it is always

very improbable this fhould happen.

1 per.
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per ann. muit be allowed, for as many years as

there have been payments from each mem-
ber. For every 10 guineas then received

they muft Tome time or other hereafter pay
28 /. But let it be well confidered what can

enable them to do this. Did money bear

no interefl:, for any given fum now received,

they could not afford at any time hereafter

to pay more than an equal fum. That is ;

(fincc the duration of fur
evi e

uorfiip is in the

prefent cafe, by Queft. II, equal to the du-

ration of marriage] the proper coniideration

for any given reverfionary annuity, to be al-

lowed to <3//the furvivors of a fet of marriages,
would be, fuppofing no intereft of money,
an equal annuity payable by each marriage

during its exiftence; and juft half fat rever-

fionary annuity, if it is to be allowed only to

half the furvivors, or to widows exclufive of

widowers. The annual payment then ofJive

guineas, during marriage, can entitle widows,
to no more than an annuity of ten guineas,

fuppofing money to bear no interefl. But if

it does bear intereft, the fame payment will-

entitle them to more, in proportion to the

degree in which it is capable of being im-

proved, during the time between that in

which the annual payments begin, and the

commencement of widowhood. Now, it is

eafy to fee, that unlefs money bears very high
intereft, this improvement cannot be likely

in any circumfbnces to produce a capital, the

interefl
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intereft of which mall be equal to the annual

payment itfelf. Any given annual payment

perfectly improved at 4 per cent': compound
intereft, requires 17 years to double itfelf,

fuppoiing the firft payment made immediate-

ly; or, near 18 years (a), if the firft payment
is not made till the end of a year. But no

marriages are
likely

to laft fo long as this,

except thole among perfons who are very

young. A marriage between two perfons,
both 40, will not probably laft longer than

13 years, according to the probabilities of

life in Dr.
Halley's Table. A marriage be-

tween two perfons, both 50, will not pro-

bably, by the fame Table, laft longer than

eleven years ; nor a marriage between two

perfons, both 30, longer than 16 years.

Such marriages, it is true, may poffibly laft

30 or 40 years. But this circumftance is

more than balanced by the fadt, that no lefs

poffibly they may not laft one year. The an-

nual payments, then, being incapable of fuch

an improvement as fhall produce an additi-

onal income equal to themfelves
-,

it is obvi-

ous, that no fociety ought to go fo far as to

allow to widows annuities twice as great as

thofe which might be allowed, fuppofing no

(a] At $ per cent, the period of doubling money by
compound intereft, is nearly 23 years, At 5 per cent*

14 years.

intereft
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intereft of money (a) ; fo far, for inflance,

as to allow, inftead of 10 guineas, 20 gui-
neas for an annual payment of five guineas.
In the circumflances of mod of thefe focie-

ties three fifths addition may be the full al-

lowance. That is ; fuppofing the annual

payment of each member to be five guineas,
time may be expected for gaining from hence
a capital of 75 guineas, or that mall produce
three guineas per annum intereft j and the

proper revrrfionary annuity will be 16 gui-
neas ; or fix guineas more than the proper

reverfionary annuity, did money admit of no

improvement.

The preceding obfervations have gone on

the fuppofition, that the reverfionary annui-

ties are to be for life.
What difference in

favour of thefe focieties arifes from the cir-

cumftance, that the annuities are to be paid

onlyfor widowhood, cannot be exactly deter-

mined. Some judgment, however, may be

formed of it from what has been faid at the

conclufion of Queft. II. Were even one half

(a) The money accumulated will not be exactly the

fame with that to which the annual payment would in-

creafe, if improved at compound intereft for a number of

years, equal to that which the joint lives have an equal
chance of exifting. Much lefs will the increafe be the

fame with that which would arife from the annual pay-
ment forborn, and improved for a number of years equal
to the expectations of the joint lives. It will be lefs than

either of thefe, fur a rtafon explained in note (L) Ap-
pendix.

of
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of the widows to marry, ftill the fcheines I

have been confidering would probably be in-

furticient. But in the circumilances of thefe

focieties it cannot be expected, that above

one in i o, or perhaps one in 20, will marry.
The perfons moil likely to enter into them,
are fuch as have not the profped; or abi-

lity of making competent provifions for their

.widows in other ways. The widows left,

therefore, will in general be unprovided for,

and being alfo left with families of chil-

dren, it is quite unreafonable to expect, that

any confiderable proportion mould marry.
This is true of fuch as may happen to be left

young ; but when a fociety has fubfifted fome

time, the greater part will not be young when
left, and thefe, at the fame time that no ad-

vantage can be expected from their marrying,
will be in general the bighejl annuitants, and,

therefore, the beaineft burdens. Moreover,
the profpect of the lofs of their annuities will

have a particular tendency to check marriage

among them. For all thefe reafons it feems

to me likely, that the benefit, which thefe

focieties will derive from marriage among
their annuitants,will not be very considerable;

or at leaft not Jb confiderable as to be equal
to the advantages I have allowed them, by
calculating on the fuppofitions, that the mo-

ney they receive will be always improved per-

jetffy, without
lofs

or delay, at the rate of \ per
cent, compound intereft\ that the probabilities

of
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of life among males and females are the fame,

and all hufbands likewife of the fame ages
with their wives, and that confequently the

maximum of widows on fuch focieties can a-

mount to no more than half the number of

marriages (a). With refpect to the laft of

thefe fuppoiitions, it deferves to be particu-

larly obferved, that by an enquiry made fome

years ago in Scotland, it was found, that the

widows of minifters and profeffors there, (b}

notwithftanding the diminution occalioned by
their marrying, did exceed half the number
of marriages. And certainly it would be un-

reafonable in thefe focieties not to reckon

that the fame will happen among them.

Indeed it feems certain that, notwithstanding

(a] Care (hould be taken in thefe focieties, not to judge
of the proportion of widows that will marry, from the

proportion that may happen to marry during their firft

years. For moft of the widows that will be left at firft

will be young; whereas the greater part will not be young
when they commence widowhood, after a

fociety has

fubfifted 30 or 40 years ; and, therefore, tho' one in 3 or

4 fhould marry at firft, it will not be reafonable to ex-

pect, that h?.lf fo many {hould marry after the affairs of

the fociety become ftationary.

(b) 364 widows, all living at one time, were counted ;

and the number of married minifters and profeilbrs for

many years paft has been, at an average, 667. "Twenty
widows likewife are left one year with another

; and, for

10 years, ending in the year 1767, but nine of thefe had
married. Of the annuitants likewife (about 1 60 in num-
ber) on the fund eftablilheu among the Diflenters in

London, for relieving the widows of indigent minifters, it

i? found that few ever marry. See the latter end of the

4th Efiay; and note (A) in the Appendix.
the



8o Of the London Annuity

the hazards that attend child-bearing, the

probability, that the woman (hall furvive in

marriage, and not the man
> is much greater (a)

than is commonly imagined. It will be fhewn
in the laft Eflay, that it is not lefs than the

odds of ^ to 2 ; and had I calculated agree^

ably to this facl, the values of annuities for

widows, would have been given near a quar-
ter greater than they have been given on the

fuppoiition, that the chance of furvivormip
is equal between men and their wives. It

muft be added, that I have made no account
of any expences attending the execution and

management of the fchemes of thefe focieties.

Some fuch expences there muft be, and fome

advantages mould be always provided in or-

der to compenfate them.

There are in this kingdom feveral inftitu-

tions for the benefit of widows, befides the

two on which I have now remarked > and in

general, as far as I have had any information

concerning them, they are founded on plans

(a) Partly, as obferved in page 8, on account of the

greater mortality of males, but chiefly on account of the
excefs of age on the man's fide. According to the print-
ed articles of agreement, the Laudable Society pays no re-

gard to this excefs of age j and the allowance required
on this account by the London Annuity Society is fo tri-

fling that it deferves no notice.

In March 1770, thirty-two hufbands had died in the
Laudable Society, and 27 wives. They feem, therefore,
to be already beginning to experience, that the chance's

of furvivorfhip in marriage are in favour of th wife.

equally
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equally inadequate. The motives which in-

fluence the contrivers of thefe inftitutions are,

without doubt, laudable; but they ought, I

think, to have informed themfelves better.

This appears fufficiently from what has been

faid; but I will juft mention one further

proof of it.

The London Annuity Society promifes that,

if in 21 years ; and the Laudable Society that;

if in 25 years, it mall appear that there has

been all along an annual furplus in favour of

the focieties, it mail be employed in either

raifmg the annuities, or in finking the annual

payments. Now, they may be allured, that,

if at the end of thefe periods, they mould not

be pofferTed of a confiderable furplus, the true

reafon will be, their having granted much

higher annuities than the annual contribu-

tions are able permanently to fupport : For

it has been demonftrated, that the number
of annuitants, and confequently the amount
of the annual expences, will go increafingfor
a long courfe of years beyond thefe periods.
The effedr, therefore, of carrying into exe-

cution this regulation will be, precipitating
that bankruptcy which would have come too

foon had there been no fuch regulation.
It has been faid in defence of thefe Socie-

ties, that the deficiencies in their plans cannot

be of much confequence, becaufe their rules

oblige them to preferve a conftant equality
between their income and expences, by re-

ducing the annuities as there fhall be occafion.

G And
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And from hence it is inferred, that they can

never be in any danger of a bankruptcy. In

anfwer to this, it has appeared, that the time

when they will begin to feel deficiencies is fo

diftant, that it will be too late to remedy pad
errors, without finking the annuities fo much,
as to render them inconfiderable and trifling.

All that is given too much to prefent an-

nuitants is fo much taken away hornfuture
annuitants. And if a fcheme is very defici-

ent, the firft annuitants may, for 30 or 40

years, receive fo much more than they ought
to receive, as to leave little or nothing for any
who come after them. Deficient fchemes,

therefore, are attended with particular in-

juftice y and this injuftice will be the fame,

if, inftead of reducing the annuities, the annual

payments mould be increafed; for all the dif-

ference this can make will be, to caufe the

injuftice to fall onfuture contributors> inftead

of"future annuitants.

But what requires moft to be confidered

here is, that, after either the annuities have

been for fome time in a ftate of reduction,

or the contributions in a ftate of increafe, it

will be feen that thefe Societies have gone

upon wrong plans, and, therefore, they will

be deferted and avoided; the confequence of

which will prove ftill greater deficiencies in

their annual income, amd a more rapid de-

fertion and decline, 'till a total diffolution

and bankruptcy take place. This will be the

5 death
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death of moft of the prefent focieties for pro-

viding for widows, if they continue to been^

couraged, and do not foon alter their plans :

And at that period the number of annuitants

will be greater than ever; whofe annuities,

having no other fupport than the poor re-

mains of a flock always infufficient, will be

foon left, without the poffibility of relief, to

lament that ignorance and credulity which

gave rife to thefe focieties, and which had
fo long fupported them.

In the London Annuity Society, there is an

encouragement to batchekrs and widowers to

join them, arifing from the additional an-

nuities to which they will be
immediately

entitled, when they marry, in confequence
of having made their payments a greater
number of years; and it is imagined, that

particular advantages will be derived from
fuch members. But even thefe will in ge-
neral pay much lefs than the value of their

expectations. A perfon who begins an an-

nual contribution of five guineas at the age
of 24 will, mould he live 1 1 years, and mar-

ry a woman of the fame age at the end of

that time, entitle her immediately to 357.

per ann. during furvivorfhip, and to 41 /. per
annum mould he live four years after marry-

ing, (interefl being at ^per cent.] (a). In this

par-

(a] The value of five guineas per annum (firft payment
made immediately) for II years, fubjedt to failure fhould
a life now 24 fail ; and, after n years, for the joint lives

G 2 Of
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particular cafe, therefore, a perfon will pay
nearly the true value of his expectation. But
all at all ages who marry ; and mojl of thofe

who die, in lefs time than 1 1 years after ad-

miffion, will pay lefs than the value of their

expectations.

SECT. II.

Of the Afjbciation among the London Clergy,
and the Minifters in Scotland,Jcr providing
Annuitiesfor their Widows.

IN
April, 1765, the clergy within the bills

of mortality, and the county viMiddlefex,
at a general meeting in Sion-College9 agreed to

form themfelves into a fociety for the fup-

port of their widows and orphans. Many in

this refpectable body may be capable of do-

ing, in a better manner, what I have attempt-
ed in this Treatife ; and they are, perhaps,

already fenfible of the deficiencies in the plan
which they have eftablifhed. I fhall not,

however, I hope, do wrong, in taking the

liberty to recite briefly this plan, in order to

introduce a few obfervations upon it.

of two perfons both 35, is, by the Table of London Ob-

Jtruations, 1. 69.3. By Dr. Hattey's Table /. 76.44. The
prefent value of 35 /. per annum for life to the widow of a

perfon now 24, {hould he live 1 1 years, and marry a wo-
man of the fame age with himfelf at the end of that time ;

and alfo of 6/. more, or 41 /. per annum in all, (hould he

live after marriage four years ; is, by the Table of London

Obfervations, /. 69.36, By Dr, HalUy's Table, /. 76.03.

Accord-
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According to the printed articles, every

clergyman pofTeffed of any benefice, lecture-

{hip, or licenfed curacy, within the bills of

mortality, and the county of Middlefex, who
fubfcribes annually one guinea, or two gui-

neas, or more, mall entitle his widow to an

annuity ; or, if he leaves no widow, he mail

entitle any fuch children as he mall leave, to

the fame annuity for feven years as his wi-

dow would have had. And, in cafe a widow

pofleffed of an annuity, mould either die or

marry before the lapfe of 10 years, from the

commencement of her annuity, fuch children

of her former hufband, as mall be then alive,

are to be entitled to as many of the ten years

payments of the annuities as me mall not

have received. The annuity is fixed to no

particular fum, but inftead of this, it is or-

dered, that a fourth part of the annual fub-

fcriptions and intereft mall be divided the

firft three years after the eftablimment of the

fociety ; half only the next four years ; and

3-4 ths the next 5 years ; provided, however,
that in no one of thefe 1 2 years the dividend

fhall exceed 20 /. to the widows and orphans
of the clergy fubfcribing two guineas or more;
and io/. to the widows and orphans of the

fubfcribers of one guinea. And, after the ex-

piration of 12 years, the whole amount of the

fubfcriptions, and of the intereft of the capi-
tal ftock, is to be divided proportion ably for

ever. It is further provided, that every cler-

gyman, who ihall be married, or have chil-

G 3 dren,



86 Of the Affoclatwn among

dren, at the time of his fubfcription, {hall pay
a fine of two guineas towards a capital flock,

if a fubfcriber of two guineas or more, and 40
years of age or upwards. If 50 years of age
or upwards, he (hall pay a fine of three gui-
neas ; if 60 or upwards, five guineas. But, if

not married at the time of his fubfcribing, and
fhall afterwards marry, he mall pay a fine ac-

cording to the age he fhall be of at the time

of his marrying. The obligation laid upon
all, whether married or unmarried, to become

fubfcribers, is, an incapacity of being admitted

members without the confent of a general
court, unlefs, within two years after becom-

ing pofTefled of any ecclefiaflical employment,
they fubfcribe.

Every one who has attended to the obfer-

vations in this and the preceding chapter,
muft know what judgment to form of thefe

regulations.
Let us luppofe, that all the clergy in Lon-

don and Middlefex came into this aflbciation

from the fir-ftj and that one with another

they are fubfcribers of two guineas annually;
and that there are among them as many un-
married perfons as married.

In this cafe, it may be learnt from Queft.

XIII, that the annuity to which widows
fhould be entitled, (fuppofing no allowance

to the children of any that die) ought not to

exceed 10 or n guineas at moft, and that,

belides the annual fubfcriptions, there ought
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to have been a fine paid at the commencement
of the fcheme, by every married perfon, of fitf

guineas at leaft, or, by the whole number of

fubfcribers, three guineas. If the number of

married members is double the unmarried,
the annuity ought not to exceed eight gui-
neas ; and the fine from every member
mould be about four guineas.- The order,

that only a fourth part of the annual fub-

fcriptions and intereft fliall be divided the

firft three years, half the next four years,
and three-quarters the next five, is with-

out reafon ; becaufe the number of clai-

mants, for the firft 1 2 years of the fcheme,
will be fo few, that it will not be poffible,

during that time, that there mould be occa-

fion for dividing any proportions fo large of

the annual fubfcriptions and intereft, unlefs

they are indeed beyond all bounds too little.

- After 12 years, the number of annuitants

will go on increafing for near 50 years, as

appears from Queft. III. The confequence,
therefore, of dividing, after this time, the

whole amount of the annual fubfcriptions and

intereft, will be a conftant yearly diminution

in the dividends for near 50 years ; and mak-

ing the payments to the firft claimants much
more confiderable than they ought to be, at

the expence of all fubfequent claimants. For

thefe reafons ; it appears to me out of all

doubt, that this fcheme is by no means likely

to anfwer the good ends propofed by it ; and

that, therefore, it will be beft to lay it aftde.

G 4 At
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At the time it was fettled it was, I find,

ther agreed, that the annual fubfcriptions of

the laity, together with the intereft of their

benefactions, unlefs otherwife directed by the

donors -
3 and the annual fubfcriptions of fuch

of the clergy as fhall fo direct, mall make a

charitablefund to be applied to the relief of

the diftrefled widows or children of all the

clergy within the limits I have mentioned,
whether fubfcribers or not, provided that in

no one year of the firft twelve more than 20 /.

be given out of the fund to any one family.
This is an excellent defign ; and if the mo-

ney arising from all the fubfcriptions is thrown
into this fund, an important means of relief

may be provided, for fuch of the more indi-

gent widows and families as will accept the

help of charity.

There is one more aflbciation of particular

confequence, which it is neceflary I mould
take notice of. I mean, the affectation among
the minifters and profeflbrs in Scotland) for

making provifions for their widows and

prphans. The laft-mentioned aflbciation,

and alfo feyeral others of the fame kind (a)

in this kingdom, have been formed on the

(a) There is one among the DifTenting Minifters in

the counties of Chefter and Lancajhire, and another among
the Diffenting Minifters in Cumberland, Northumberland^

Wejlmoreland^ and Durham. Even the London Annuity

Society, tho' its plan is totally different, profefies to form
itfelf on the principles of the Scotch eftablifliment, and to

derive encouragement from it.

model
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jnodel of this eftablimmentj and the fuc-

cefs with which it has been hitherto attend-

ed, has been the principal caufe to which

they owe their rife. I am afraid of being
too tedious, and therefore I will not attempt
to recite all the particulars contained in the

plan of this eftablimment. It may be fuf-

ficient to obferve, that for " an annual
"
payment, which begun immediately, of

" five guineas from ion contributors, 667
*' of whom are married perfons $

befides a
" tax on weddings producing about 1427.
"
per annum-, it entitles every widow to an

"
annuity of 2O/. during widowhood; and al-

"
fo, every family of children that mall be

" left by fuch members as die without leav-
"

ing w
;

idows, to 200 7." Now, by particu-
lar enquiry at the commencement of the

fcheme, it had been found, that there was
reafon to believe that, for many years back,
20 widows had been left annually by the

whole body of minifters and profeffors -,
and

that, allb, fix had died annually and left chil-

dren without widows
-,
and thefe facts have

been fince confirmed by the experience of 25

years. Subtract, therefore, from 5,4507.

(the whole annual income) 1,200 7. payable

every year to fix families of children ; and

4,2507. per arm. (the firft payment of which
was made (a) immediately) or 7.4.2 per

annum

(a] The truth is, that a double payment was made at the

Beginning of the fecond year. This is of lefs value than

two
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annum from each member, will remain as the

{landing provifion for bearing the burden of
the annuitants. This proviiion, according
to the calculation in Queft. XIII, and note (F)

Appendix, ought to be at leaft 4,745 /. per
annum, from each member; from whence it

feems to follow, that this eftablimment has

not a fufficient income to afford it a perma-
nent fupport. But I do not by any means

defign to affert this. The difference between
the real and calculated incomes, as it has

been now ftated, is not confiderable enough
to give fufficient reafon for fuch an affertion.

This eftablifhment may have fome advan-

tages that I know nothing of, and that are

not mentioned in the printed accounts ; or,

in confequence of the increafe of luxury, and

the higher price of all the means of fubfift-

ence, marriage may decline among the mini-

flers ; or, poflibly, the probabilities of life

among them, tho' much higher 'till towards

50, than is common among mankind in

towns, may yet afterwards decreafe much
fafter. The income, therefore, of this efta-

blimment, properly improved, may continue

to be adequate to all its expences and bur-

dens. One obfervation, however, ought to

be carefully attended to. The fuccefs it has

hitherto met with, is no good reafon for en-

two payments, one of which is made immediately, and

the other a year hence ; but,, the difference not being

confiderable, I have reckoned them the fame.

tertaining
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tertaining this expectation, with any degree
of confidence. It appears from Queft. Ill,

that the number of annuitants, on fuch an

eftablifhment, muft go on increafing for 60

years, from the time of its commencement ;

and it is obvious, that the continuance of a

fuccefs which has not lafted half this period,
cannot be abfolutely depended on. I know,
indeed, that, according to the calculations

which were made when this eftablimment

begun (a), the number of widows upon it

will not increafe fenfibly after the year 1780,
or for more than 10 years to come; and,
were this true, all diffidence about it would,

perhaps, be unreafonable. But thefe calcu-

lations cannot, in this inftance, be right; for

they imply, that none are left widows under

52 years of age. 'Tis certain, on the con-

trary, that many are left widows under 32;
and that, confequently, the whole body in

life together muft go on to increafe for 25
years, beyond the period affigned in thefe cal-

culations; or till the year 1805 (^). It is ne-

ceflarjr

(a] See Table III, in a book printed at Edinburgh in

1748, entitled, Calculations, with the Principles and
Data on which they are inftituted, relative to a late a6t

of parliament, entitled, An al for raifmg and ejlablijhlng
afundfor a provijicnfor the widows and children of the ml-

nijlers of the church, and of the heads , principals and mafters

of the
univerfities 0f Scotland; (hewing the rife and pro-

grefs of the fund.

(b) This is faid on the fuppofition, that all the mini-

{brs and profeflbrs acceded to the fcheme from the firft.

'35
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cefTary I mould add, that the whole num-
ber alive, when the increafe flops, will, mod

probably, be greater than the number provid-
ed for in thefe calculations. They are made
on the fuppofition,

that 52 is the mean age
at which women commence widows, Jf

this fuppofition is right, it is impoffible that,

according to the probabilities of life in Dr,

Ha/teys Table, the number of widows living

together at one time, derived from 20 left

annually, fhould inereafe to more than 323,
if none marry j [or about 300, if one marries

every year {a)
: Nor does it appear likely, that

this

135 did not accede ; but all their fucceflbrs have been

obliged to accede. This circumftance muft add 30 or

35 years to the period of increafe which I have men-
tioned ; that is, as many years as are necefiary to caufe

all the non-contributors to die off. See Queft. III.

(a) The expectation of a perfon at the age of 52 is,

when taken exactly from Dr. Halley's Table, 16.16;
and this number multiplied by 20, gives the maximum,
to which 20 widows left annually, at 52, will increafe

in 34 years, fuppofing 86 the utmoft limit of life. Vid.

Eflay I. In the calculation to which I have referred,

there is no account taken of thofe that die in the year in

which they are left widows; and, for this reafon, they are

made to increafe to a greater number than is confident

with the fuppofition, that 52 is their mean age when they
commence widowhood. It fhould be remembered here,
that fuppofing this mean age, as explained in note (F)
Appendix, rightly taken, the maximum of widows will be

rightly found in the manner juft fpecified. But the period,
in which they would attain to that maximum, would be as

many years greater than the difference between the mean

age and the utmoft limit of life, as the mean age is greater
than
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this eftablifhment will be able to bear the

expence of above 30 or 40 more than the

lafl>

than the
leajl age at which widowhood ever commences.

The calculation, therefore, which I have in view muft
be very wrong. It fuppofes not only, that all the wi-
dows left at all ages, will increafe to a maximum in the

fame time with thofe left at the mean age ; but that all

left in the courfe of every year will certainly live to the

beginning of the next year. It fuppofes, likewife, that

no widows will marry ; and thofe concerned will under-
ftand me when I add, that it fuppofes further, that ac-

cederst tho' moilly young minifters unmarried, will leave

widows as faft as the noncontributors whom they fucceed.

In confequence of thefe omiffions it has all along given
the numbers in life much hr ^r than they ought to have
been given ; but yet the event has been, that thefe num-
bers have in fact correfpciided nearly to the calculation :

From whence it follows, that the widows in life have
hitherto increafed at a much greater rate than they could

have done, accord :

ag to Dr. Hattey's Table, had their

mean age, when left, been 52. Either, then, their mean

age has been confiderably lefs than 52 ; or, their pro-
babilities of life muft be confiderably greater than thofe

in Dr. ffalley's Table ; and, it ought, therefore, to be

expected, that they will at laft increafe to higher num-
bers than thofe afiigned in this calculation.

I cannot help here mentioning one more reafon for

entertaining this expectation. Were the decrements of

life uniform^ and the chances of furvivorfhip between men,

and their wives equal, the number of widows and widow-
ers in the world, if none married, would alfo be equal ;

and both together equal to the whole number of mar-

riages. See Queft. II, and note (F) Appendix.
If the chances for the furvivorfhip of the wife are great-

eft, the number of widows in the world will be alfo

greateft, and the whole number of widows and widowers

greater than the whole number of marriages. In the

prefent cafe experience proves, that the chances of fur-

vivorfhip in marriage are as 5 to 3 at leaft, in favour of

the
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lafl-mentioned number. But it was found;

by enquiry, that the number of widows liv-

ing

the wife ; or that there are 20 widows left to 12 widow-
ers. (See note (F) Appendix, and the end of the laftEflay),
The number of widows and widowers then would cer-

tainly, if none married, exceed-667, the whole number of

marriages. Suppofe, however, that they would be only

equal ; which is the fame with fuppofmg, that widows
would not increafe to more in life together, in proportion
to the number left, than widowers ; or that one with ano-
ther they are of equal ages. 667 then being the number
of marriages, this will likewife be the number of widows
and widowers, 416 ofwhommuft be widows and 250
widowers ; that is, 5 to 3. Now as widozus are certainly^
one with another, younger than widowers; and likewiie,

very probably, more long-lived at equal ages j and as

alfo, in the prefent cafe, but one marries of the twenty left

annually; it follows, with demonftrative evidence, that

if the annuitants on this eftablifhment fhould not increafe

to 400, the reafon muft be, that the decreafe in the pro-
babilities of life, inftead of continuing always uniform, is

flow in the firft ftages of mature life, and accelerated af-

terwards, to a degree of which there is no example in any
Tables. And this, poflibly, may be indeed the cafe ; for

it is uncertain whether, in this particular fituation, life

may not wafte according to a law not yet obferved. This

uncertainty it is in the power of the conductors of this

fcheme to remove, by keeping an account of the ages at

which all the minifters and profefiors enter upon their

offices and die ; and alfo of the ages of their wives when

they marry and die. From fuch an account kept for a

courfe of years, Tables of Obfervation, adapted to the

beft fort of lives of both fexes, might be formed, which
would contribute much to the improvement of this part
of knowledge.

I have faid nothing above of the advantage which this

eftablifhment derives from the marriages among widows.
This advantage, it has appeared, were it enjoyed without

abatement, would not be confiderable ; but it is in fome
meafure given up by the order which makes a part of this

efta-
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ing in 1748, was atleaft 364; (a) and it may
be learnt from notes (A and F) in the Appen-
dix* that, according to Dr. Ha/leys Table, 20

widows left annually, muft in time increafe

to near 400, tho' one 'of the youngeft marri-

ed every year. And it may be further learnt

from note (A) Appendix, that the widows on
this eftablimment have not hitherto increaf-

ed more {lowly, than is confident with their

actually increaiing to 400 : Nor, indeed, (as

the probabilities of life in this cafe are higher
than thofe given by Dr. Ha//ey's Table)
fhould I much doubt of their increafing to

more than this number, were it not that 364
has been given as the number found upon
enquiry. With

refpecl:
to this, however, it

ought to be mentioned, that another account

had been taken which made the number of

widows only 321. As, therefore, a more care-

ful enquiry difcovered 43 new widows ; per-

haps, an enquiry yet more careful would
have made yet further difcoveries. In ta-

king fuch accounts, none can well be added ;

eftabliftiment, that fuch children of an annuitant as are

under 16, (hall be entitled, if (he marries, to as much as

(hall happen to be then unpaid of ten years purchafe of
her annuity. The fame provifion is made for the chil-

dren of annuitants that die. There are other burdens on
this eftablifhment, and it has alfo advantages of which I

have taken no notice ; but, as far as I am acquainted
with them, they are of no particular confequence, and

they alfo nearly balance one another.

(a) See Calculations, with their Principles and Data,
&c. Introduction.

but
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but in the ftricleft fearch it can hardly be

poffible to avoid omitting fome.

The refult of the laft enquiry, in particu-
lar, is faid to have been; not that it was
found that there were no more than 364 wi-

dows, but that they did exceed this number.

(a) However, let 364 be the true number

living in 1748. Before that time, there had

probably been more marriages among them,
than there have been fince ; and this may
have rendered their number lefs than it

would otherwife have been, and lefs than it

will be hereafter : For it feems to me, that

this eftablimment, at the fame time that it

encourages marriage among the minifters, has

a tendency to check it among their widows*

by making the confequence of marrying to

be the lofs of their annuities.

I hope the venerable ministers and profef-
fors concerned in thefe remarks, and at pre-
fent fo eminent in all the departments of

fcience, will excufe what has been now faid*

It may, perhaps, be of fervice, if not to them*

yet at leaft to fome in this part of the unit-

ed kingdoms, by mewing them, that this

eftablimment has been copied in it much
too ramly ; and that, however fuccefsful it

may in the end prove, it is yet too foon to

make it a model and an authority for fimilar

eflabliihments.

(a} See Calculations with their Principles, &c. p. 44.

SECT.
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SECT. III.

bfthe beji Schemes for providing Annuities for
Widows.

INftitutions

for providing widows with an-

nuities would, without doubt, be ex-

tremely ufeful, could fuch be contrived as

would be durable^ and at the fame time eafy

and encouraging. The natures of things do

not admit of this in the degree that is com-

monly imagined. The calculations and rules,

in the preceding chapter, will enable any ona

to determine in all cafes to what reverlion-

ary annuities any given payments entitle, ac-

cording to any given valuation of lives or

rate of intereft. From Qucft. VII and VIII,

in particular, it may be inferred that (intereft

being at 4 per cent, and the probabilities of

life as in Mr. De Moivre's Hypothecs, or the

BreJIaw, Norwich, and Northampton Tables)
for an annual payment beginning immedi-

ately of four guineas during marriage; and

alfo for a guinea and half in hand, on ac-

count of each year that the age of the huf-

band exceeds the age of the wife, every mar-
ried man, under 40, might be entitled to an

annuity, during life; for his widow of
5/.

if

he lives a year, io/. if he lives three years,
and 20 /. if he livesfeven years. Money can

fcarcely now in this kingdom be improved
H at
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at fo high a rate as 4 per cent. But, per-

haps, it might be reasonably expected, that

an advantage, fufficient to compenfate this

difadvantage, would be derived, from chang-
ing the annuities I have mentioned into an-

nuities during widowhood. One may, at

leaft, venture to pronounce, that nothing
much worfe could befall a fociety that went
on this plan, than the neceffity of ibme time

or other adding half a guinea to the annual

payments.
If fuch a fociety chufes, that thofe who

fhall happen to continue members the long-
eft time, (hall be intitled to flill greater an-

nuities, fix guineas, additional to all the o-

ther payments at admiflion, would be the

full payment for an annuity of 257. and

12 guineas for an annuity of ^o/. if a mem-
ber mould live 15 years.

All batchelors and widowers might be en-

couraged to join fuch a fociety, by admitting
them on the following terms. Four guineas
to be paid on admiflion, and three guineas,

every year afterwards, during celibacy
-

y and,
on marriage, the fame payments with thofe

made by perfons admitted after marriage;
in confideration of which, i/. per annum, for

every fingle payment before marriage, might
be added to the annuities, to which fuch

members would have been otherwife enti*

tied.

For
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For example. If they have been members
four years, or made five payments before

marriage, inftead of being entitled to life-an-

nuities for their widows of only 5/. io/.

2O/. 25 /. and 307. on the conditions I have

fpecified, they might be entitled to annuities

of io/. i 5/. 257. 307. and 357. Or, if they
have been members nine years, and made io

payments, they might, inftead of the fame

annuities, be entitled to annuities of 157.
20 7. 30 7. 357. and 40 7. -In this cafe, the

contributions of fuch members as fhould hap-
pen to defert, or die in celibacy, would be ib

much profit to the fociety, tending to give it

more ftrength and fecurity.
This is one of the bed ichemes that I ant

able to think of, or would chufe to recom-
mend. There are, however, others no lefs

fafe and encouraging which fome may pre-
fer, and which therefore, I will juft pro--

pofe.

Let the probabilities of life be the fame
with thofe in the Tables juft mentioned*
Let money be fuppofed to be improved at no*

higher intereft than 3 per cent. Let the re-

Verfionary annuities promifed to widows be

io7. for life,
if a member lives five years

after admiffion> and 157. more, or 257. in all,

if he lives 1 1 years. The proper payments
for fuch an expectation, from married men
not exceeding 50 years of age, will, in the

H 2
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neareft and mod convenient round fums, fce

four guineas in annual payments beginning

immediately, and two guineas in hand for

every year that his age exceeds his wife's, not

admitting any greater excefs than 1 5 years :

Or, if the whole value is given in one prefent

payment, 4O/. added to a guinea, for every year
that his age falls fhort of 50, befides the pay-
ment juft mentioned on account of difparity
of age. For example. Four guineas in an-

nual payments, belides 10 or 20 guineas in-

hand, according as the age of the hufband

exceeds the wife's 5 or i o years. Or, if the

whole value of the expectation is given in one

payment, 10 guineas added to 4o/. (that i

50/. i05.) from a man whofe age is 40; and,
in like manner, 20 guineas added to 407.

(that is 6 1 /.) from a man whofe age is 30 >

befides the payment juft mentioned on ac-

count of difparity of age.
If money is improved at 4 per cent, or, on

account of any advantages attending a fcheme,

may be juftly considered as fo improved, the

full payments for the expectation I have

mentioned will be about one eighth, or half

a guinea, lefs in the annual payments during

marriage ; and a quarter lefs in all the other

payments. That is : A marrkd man, at or

under 50, wouldr befides three guineas and
half in annual payments during marriage, be

bound to add a guinea and half for every

year he is older than his wife : Or, if he

\ chutes
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chufes to give the value of his expectation in

one payment > befides the common contribu-

tion of 30 /. and a guinea and half for every

year his age exceeds his wife's; he would be

bound to pay three quarters of a guinea, for

every year he is lefs than 50 years of age;
that is, 53 /. 12*. 6d. in all, fuppofing him

40 years of age, and 10 years older than his

wife. All thefe payments doubled would
entitle to double annuities.

There is one particular advantage which
focieties formed on a plan of this kind would

enjoy (a) Perfons who know themfelves

fubjecl: to diforders, which are likely to ren-

der them fliort-lived, will have no great temp-
tations to endeavour to gain admiilion into

fuch focieties ; and, if admitted, the danger
from them will be lefs than on any other

plan. Were it not for this danger, oae

might recommend the following plan, as one
of the moft inviting.

In the plans hitherto mentioned it is im-

plied, that, if either a member or his wife

dies within any of the periods fpecified, the

additional annuities, that would otherwife

have become due, will be loft. But it would
be much more agreeable to a purchafer, that

they mould be made certain to his wife, pro-
vided ilie lives to the end of thefe periods,

(a] See another advantage mentioned under Oueft.

VIII, p. 28.

tho'
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tho' in the mean time his own life mould
fail. The value cf fuch annuities may be

computed by the rule in Queft. IX.

Suppofe, for inftance, the fcheme to be
" that a wife (hail be entitled certainly to a
*'

life-annuity of 20 /. the firft payment of
<e which (hall be made at the end of 1 2 years,
"

provided (he mould be then alive, and her
" hufband dead; or at the end of any year
"

beyond this term in which (he may hap-
"

pen to be left a widow." Suppofe it alfo

ftipulated,
" that me (hall be entitled to

*' io/. more, or 30 /. in all, on the fame
" terms, provided ihe mould live 16 years."
-The value of fuch an expectation (intereft

being at
3 per cent, and the probabilities of

life as in Mr. De Moivre's Hypothecs) will

be, in the moft convenient round fums, fup-

pofing none admitted above 50 years of age,
ieven guineas in annual payments to be con-

tinued during marriage, and to begin imme-

diately; belides four guineas in prefent mo-

ney for every year, as far as 15 years, that the

huiband's age exceeds the wife's, if he is

between 40 and 50, and three guineas on the

fame account if he is under 40 : Or, if the

whole value of the expectation is given in

one prefent payment, 70 /. added to a guinea
and half, for every year that the hufband's

age falls mort of 50, betides the payment juffc

mentioned on account of
difparity

of age.

< if
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If the annuities are made to be annuities

during widowhood, and not during //fe, and
the advantage arifing from hence, is fuppof-
ed equivalent to the difference between the

improvement of money at 4 per cent, and its

real improvement j the value of the expecta-
tion juft mentioned, (that is, its value at 4

fer cent.] will be iix guineas in annual pay-
ments; betides three guineas in prefent mo-

ney, for every year that the hufband's age
exceeds the wife's, if he is between 40 and

50; and 2 guineas, if he is under 40 : Or, if

the whole value of the expectation is given in

one prefent payment, j6/. added to i/. 5^. for

every year that his age falls mort of 50, be-

lides the payment laft mentioned on account

of inequality of age. (a)

(a] Suppoflng 16 years the only term, the annuity
20*'. and intereft at 4 per cent, the proper payments will

be nearly, in the cafe of equal ages Z.R& jingle payments,
46/. 40 /. 29 /. as the age of the man is 30, 40, or 50.

Or, in annual payments', 1.3.80. 7.3.66. 7.3. 13. Sup-

pofmg the woman's age 10 years lefs than the man's, the

]ame values will be, \i\fingle payments, 7.58.92. 1.56.56.
'

7.53.66. In annual payments 7.4.63. 7.5. 7.5.41.
It appears, therefore, that a fociety, fuppofitig money im-

proved at the rate of 4 per cent, might entitle all married

men itubfcriminauly, who are under 50 years of age, to fuch

an expectation as this for their wives, for either 60 7. ;n
cr.e payment, or five guineas in annual payments. But

equity requires, that different payments fiiould be made,

According to the different comparative ages of men. and
their wives ; and Tables might be formed foi {hewing, at

one view, what thefe different payments ought to be in all

cafes, if fuch Tables are wanting, recourle inuft be had

o fame fuch eafy rules as thofe I have iUted above.

H 4 He
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He that will give himfelf the trouble to

calculate, agreeably to the directions in the

Questions to which I have referred, will fm4
that, taking all particular cafes together,
the rules now given come as near the truth

as there is reafon to defire in an affair of this

nature, the defects in fome cafes being nearly

compenfated.by the exceffes in others.

I have calculated here, as well as in moft

other places, from Mr. De Moivres Hypo-
thefis^ becaufe its conformity to the three

Tables which I have fo often mentioned,

convinces me, that it gives a proper medium

between the different values of town and

Country lives. In the country the probabili-
ties of life are much higher ; but in London^
and probably in all great towns and fome

fmaller ones, they are much lower.

It is proper to add, that, according to the

values of lives and furvivormips deduced both

from the London and Dr. Ha//eys Table, and

taking intereft as low as
3 per cent, all wo-

men whofe hufbands are under 50 years of age t

might be entitled to an annuity of 24.7. dur-

ing life (the firft payment to be made at the

end of the year in which they mall be left

widows) for the fum of ioo/. fuppofing 3/.

additional given on account of every year
that they are younger than their hufbands.

At 4 per cent, an annuity of *o/. might be

granted on the fame terms,

k
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In the year 1690, the company of Mercers

in London, adopted fuch a fcheme as that

Jaft mentioned. For TOO/, in one prefent pay-
nient) they entitled every fubfcriber to a

life*

annuity for his widow of 3O/.; and this, at

that time, (when money bore 6 per lent, in-

tereft) was confiderably lefs than the value of

the money advanced, fuppofing men and

their wives of equal ages. As the intereft

of money funk, they funk alfo the annuity,
firft to 257. and then to 20 /, and i$l. But at

laft, after carrying on the fcheme for above

50 years, finding the burden of the annui-

tants too heavy, and likely to go on increa-

iing, they were obliged to drop the fcheme

and to flop payment. In a little time, how-

ever, by a parliamentary aid of 30007. per ann.

which they are now enjoying, they were re-

ftored to a capacity of making good all their

engagements, and of paying their arrears.

Their failure, is, indeed, much to be lamented
->

for, in confequence of it, the public has loft

the benefit of an inflitution, that for many
years promifed the happieft effec"ls, by en-

couraging marriage, and affording relief to/

indigence. The rapid fall of the interefl of

money; their admitting purchafers at too ad-

vanced ages; and, particularly, their paying no

regard to the difference of age between huf-

bands and their wives, muft have contribut-

ed much to hurt them. Some of the prin-

Jpal caufes, therefore, which have rendered

them
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them unfuccefsful, may be now avoided *

and for this reafon I mould be glad to fee

fome limilar fcheme, providing, as this did,

annuities for lifc> and not for ividowbsdd, un-
dertaken. If well planned it would, I think,

be a proper object of parliamentary encou-

ragement.
It muft, however, be remembered, that

the iffue of the heft fchemes of this kind

muft be in fome degree uncertain. For want
of proper obfervations, it is not poffible to

determine what allowances ought to be made,
on account of the higher probabilities of life

among females than males. No prudence
can prevent all loffes in the improvement of

money ; nor can any care guard againft the

inconveniencies to fuch fchemes, which
muft arife from thofe perfons being moft

ready to fly to them who, by reafon of con-

cealed diforders, feel themfelves moft likely
to want the benefit of them.

The focieties, therefore, on which I have

remarked in the firft Section of this chapter,
would have reafon to take warning from what
has happened to the Mercer s Company, were

the fchemes on which they are formed per-

fectly unexceptionable. But I have demon-
flrated that thefe fchemes are very defective;

and that the longer they are carried on, the

more mifchief they muft produce. 'Tis vain.

(as appears from Queft. III.) to form fuch

cftablimments with the expectation of fee-

ing
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Ing their fate determined foon by experience.
If not more extravagant than any ignorance
can well make them, they will go on prof-

peroufly for 20 or 30 years; and, if at all tol-

erable, they may fupport themfelves for 50
or 60 years ; and at laft end in diftrefs and
ruin. No experiments, therefore, of this fort

fhould be tried haftily. An unfuccefsful ex-

periment muft be productive of very perni-
cious effects. All inadequate fchemes lay
the foundation of prefent relief onfuture cala-

mity, and afford ailiflance to zfeiv by difap-

pointing
and oppreffing multitudes.

^.s {he perfons who conduct thefe fcheme
can mean nothing but the advantage of the

public, they ought to Men to thefe obferva-

tions. At prefent their plans are capable of

being reformed; but they cannot continue

fo always ; for the greater number of exor-

bitant payments they
now make to annui-

tants, the more they confume the property
of future annuitants, and the lefs practi-
cable a retreat is rendered to a rational and

equitable and permanent plan (a}. They
fhould, therefore, immediately (U] either reduce

(a] See p. 82, 83. Sea. I.

(b] Thus; was the London Annuity Society to malee

their loweft annuity jo/, the next 2O/. and the higheft

307. they would probably be fafe. But, after proceeding
pn their prefent plan fome years longer, fuch a reduction

by no means be fufficient.

thcu
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their fchemes, or change them into one of
thofe which I have propofed. But, I am afraid,

this is not to be expedted. The neglecl: with
which they have received fome remonftrances

that have been already made to them, gives
reafon to fear, that what has been now faid

will be in vain
-,
and that thofe who are to

come after them, muft be left to rue the con-

fequences of their miftakes.

SECT. IV.

Of Sckewes for providing Annuities for 0/a

AGeneral difpofltion has lately mevvn it-

felf, to encourage fchemes for granting
annuities to perfons in the latter ftages of life ;

and this has occafioned the 6th Queftion in

the former Chapter; and, as a further and

more particular direction in cafes of this kind,
I have thought it neceflary here to give the

following Table.

Value



Annuities for Old Age*

The numbers in the 2d and 3d columns
of this Table, multiplied by any annuity,
will give the value of that annuity in zfingk

pay-
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payment, to be enjoyed for life, by the ageS

correfponding to thofe numbers in the firft

column, after the age mentioned at the head

of that column. And in the fame manner;
the numbers in the 4th and 5th columns will

give the values in annual payments. Thus.
The value of 447. per annum, to be enjoyed
for life, after 50, by a perfon now 40, (inter-
eft at 4 per cent.} is 5.95, multiplied by 44,
or 7.261. 9, in a Jingle payment; and .822,

multiplied by 44, or 7.36.16, in annual pay-
ments till 50, the firft payment to be made
at the end of a year.

In order to find the fame values, partly in

annual payments, and partly in any given en-

trance or admiflion-money ; fay;
" As the va-

'* lue of the given annuity in aJingle payment,"
(found in the way juft mentioned) is to the

"
given entrance-money, fo is its value in an-

*' nual payments, to a fourth proportional ;

" which, fubtradled from the value in annual
"
payments, the remainder will be the annual

"
payment due, over and above the given en-

"
trance-money."

EXAMPLE.

Suppofe a perfon now 40, to be willing to

pay 200 7. entrance-money, bejides fuch an

annual payment for 10 years as mall, toge-
ther with his entrance-money, be fufficient

to
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to entitle him to a life annuity of 44.7. after

50. What ought the annual payment to be?

ANSWER.

L. 8. 5 5. For, 7.261.9, is to 200 ^ as

/. 36. 1 6, to 7. 27.6 1 j which, fubtradled from

7.36.16, the remainder is 7.8.55.

This Table has been calculated from the

probabilities and values of lives in Tables III.

and VI. The probabilities of life among
the inhabitants of London, are (as I have of-

ten had occafion to .obferve) much lower
than among the generality of mankind ; and
the values in the preceding Table, had they
been given agreeably to the London Obferva-

tions, would have been lefs. But, certainly,
an office or fociety, that means to be a per-
manent advantage to the public, ought al-

ways to take higher rather than lower va-

lues, for the fake of rendering itfelf more

fecure, and gaining fomeprofits to balance
lojj'^s

and expences.

There have lately been eftablifhed, in

London, feveral focieties for granting fuch

annuities as thofe now mentioned , and he
that will compare their true values, as they

may be learnt from the preceding Table,
with the terms of admiffion into thefe focie-

ties, as given in their printed Abjlrafts and
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Tables, muft be furprifed and (hocked. They
are all impofitions on the public, proceeding
from ignorance, and encouraged by credulity
and folly.

It has been fhewn ; that the proper pay-
ment, (allowing compound intereft at 4 per

cent.) for an annuity of 44.7. to be enjoyed by
a perfon now 40, for what may happen to

remain of his life after 50, is 200 /.in admif-

fion-money, befides 7.8.55, or 8 /. J J s "> m an~

nual payments till he attains to 50, the firft

of thefe payments to be made at the end of

a year. The conditions of obtaining this

annuity, according to the Tables of the Lau-
dable Society of Annuitantsfor the benejlt ofage,
are 767. ijs. in admi/Jioti-money, and 67. 14^.
in annual payments. According to the Ta-
bles of the fociety of London Annuitants for
the benejit of age, the conditions of obtaining
the fame annuity are 307. in adnnffion-monei,
and io7. in annualpayments. The Equitable

Society of Annuitants requires for the fame

annuity 3 8 7. los. in admijjion- money, and 137.
in annual payments. The true value is, over

and above the admiflion-money juft mentioned,
an annualpayment of 307. ijs. (intereft reck-

oned at 4 percent.) or an annual payment of

367. 15^. intereft reckoned at 3 per cent.

The London Union Society for the co?nfortable

fupport of aged members promifes an annuity
of no lefs than 50 guineas for life, after 50,

to



Annuities for Old Age. 113

tc> a perfon now 40 for 40 /. IQJ. in admif-

fion-money, and 7 /. in annual payments.
The Amicable Society of Annuitants for the

benefit of aget promifes an annuity of 26!. per
annum, for life, to a perfon now 40, after at-

taining to 50, for 287. 1 6s. in admiffion-mo-

neyt and 6 /. in annual payments.
- The true

value of this annuity is 287. 16 s. in admif-

.Jion-money> and 177. 8s. in annual paymentst

(intereft fuppofed at ^per cent.}; or the fame

fum in
admijfion-money',

and 20 7. 18*. in an-

nualpayments, intereft fuppofed at 3 per cent.

The Provident
Societyfor the benefit of age

promifes an annuity of 25 /. to a perfon now

40, after attaining to 50, for 34 guineas in

admuTion-money, and eight guineas in annu-
al payments. The true value is, 34 guineas
in admi/flon-money, and 157. 12s. in annual

payments, intereft at 4 per cent. ; or, the

fame fum in admifjion-money, and i ql.
in annual

payments, intereft being at 3 per cent (a).

But I will not tire the reader, by going, in

this manner, thro' the fchemes of all thefe fo-

cieties. The contrivers of them, it is certain,

can know nothing of the principles on which
the rule in Queft. VI, and the demonftration

of it in the Appendix is founded ; and, there-

fore, if unwilling to be guided by the autho-

(a) The account here given of the terms on which a

perfon whofe age is 40, is admitted into thefe focieties, I

have taken from their printed Tables as they flood at the

end of the year 17/0. In the younger ages the defici-

encies are greater.

I rit/
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rity of mathematicians, it may not be pom*-
ble to convince them of their miftakes. I

will, however, offer to them the following
demonftration, which will be underftood,
without difficulty, by every one who knows
how to compute (a) the increafe of money at

compound intereft.

The value of a life at 50, (intereft being at

4 per cent.) is n4 years purchafe by Table

VI. For an annuity, therefore, of 44/. per
annum for life, to be enjoyed by a perfon at

this age, 4987. ought to be given. Two in

three of a number of perfons at the age of 32
will, (by Tables III, IV, and V,) live to 50;
and therefore, in order to be able to pay an

annuity to them of 447. for life, after 50, the

money now advanced by every three, ought
to be fuch as will, in confequence of being
laid up to be improved, increafe in 1 8 years
to double 4987. or to 9967. From the pre-

ceding Table it may be learnt, that the mo-

ney which ought to be advanced by every

fingle perfon is 1657. or by three perfons

4957. and this, in 18 years, will double it-

felf, or increafe to juft the fum that will

then be the value of the annuities to be paid.
But the money required in this cafe by the

Laudable Society, is 147. 1 1 s. gd. from each

member at admiffion, befides an annual pay-
ment of 47. The admiilion-money, there-

fore, of two 'members, being 2 9 7. %s. 6d*

(#) The eafieft method of doing this, is taught in the

rules annexed to the Tables in the APPENDIX,

may
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liiay be increafed to twice this fum, or to

587. js. An annual payment of 4/. for 18

years will, if perfectly improved at 4 per cent.

compound intereft, increafe to .102/3 and two
fuch annual payments will increafe to 204.7.

The whole pay, therefore, of two mem-
bers will produce at the end of 18 years
262/. yj. A third part, I have faid, will

die without attaining to 50, and thefe will

live one with another 10 years. An annuity
of 47., for tljis time, will produce a capital of

487. and this capital improved for eight

years more will increafe to 66 7. The whole

profit, therefore, from the member who will

die is, his admillion-money doubled and ad-

ded to 667. or95/. %s. t>d. And this fum
added to 2627. js. makes 3577. los. 6d.

the ivhole money with which the fociety can

be provided, at the end of \ 8 years, to bear

the expence of two life-annities, worth toge-
ther 9967.

By a fimilar computation it may be found,
that the improvement of money at only 3

per cent. \\i\\Jink fas former fum to 3297. at

the fame time that the value of the annuities

will be raifed to i ioo7.

The deficiencies in the fchemes of all the

other focieties, except the Provident Society,

are no lefs confiderable (a). What confu-

fioa

(a) Some of thefe focieties tell us, that the payments
on admiflion fhall increafe, as the number of members
increafes -

t and they have pra&ifed on this rule juft
as if

I * ins
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lion then muft: they produce fome time or

other ? How barbarous is it thus to draw mo-

ney

the value of an annuity was nothing determinate in itfelf,

but depended on the number of perfons who have been

purchafers. But the true defign may perhaps be, t

quicken the public in their applications.
Should any of thefe focieties, fenfible of their miftakes,

refolve to reform themfelves, they ought to confider, that

this cannot be done by only obliging/w/wr* members to

pay the juft values of the annuities promifed them. All

the prefent members muft likewife, befides raifing their

payments, make compenfation for what they have hi-

therto paid too little ; and this compensation is to be cal-

culated in the following manner. "Find the whole
" amount to the prefent time of the payments which have
" been made. Subtract this from the whole amount of
" the payments which Jhould have been made; and the
" remainder will be the compenfation required."
EXAMPLE. In the Laudable Society of Annuitants, the

condition of a title to 44.7. per annum for life, after 50, to

a perfon at the age of 40, was, 4 years ago, 34/. 17*.
in admiffion-money, befides an annual payment of 6/.

i4*. 'till he attained to 50. The admiflion- money will,

(reckoning compound intereft H^per cent.} amount in four

years to 397. 4*. and the annual payment to, 28 /. The
whole amount, therefore, of the payments of a member
admitted 4 years ago, is 6jl. 45. But the value of the

annuity was 37 /. 45. in annual payments, befides ?4/.

17 s. in admiflion-money ; and thefe payments, during
the 4 years, would have amounted to 195 /. The diffe-

rence, therefore, between thefe two amounts, or i2jl.
i6s. is the compenfation which fuch member ought to pay j.

and if he continues a member without paying it, (be-
fides raifing his annual contribution to 37 /. 4*.) he muft
either lofe his annuity, or owe it to injuftice.

I have taken intereft here at 3 per cent, becaufe I think

thefe focieties cannot reafonably depend on always im-

proving the money they receive at a higher rate.

Since I writ the above, I have found, that the adrnif-

fion-money requi/ed by this fociety has lately received

another
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ney from the public by promifes of advantages
that cannot be obtained ? Have we not al-

ready fufifered too much by bubbles ; and, if

nothing elfe can check the frenzy that en-

courages them, ought not the legiflature to

interpofe its authority ?

I do not, however, mean to condemn all

institutions of this kind. They may be very
ufeful, if the full values are taken, and pro-

per care is ufed in the improvement of money.
Intereft, in thefe cafes, ought not to be reck-

oned higher than 3 per cent, and, fuppofing

money improved at this rate, a perfon, for a

fingle payment of 5o/. before he is 40,

might be entitled to a life-annuity of 10 gui-
neas after 55; or, if he chufes it, to a life-an-

nuity of 1 7/. after 60. But ifhe pays the fame

fum before he is 34, he might be entitled to

a life annuity of I4/. after 55, or 22 /. after

60. 25/. might purchafe for him half thefe

annuities; and ioo/. double.

A fociety or office that would go on this

.plan, might do great fervice. Perfons in

another advance. At the age of 40, in particular, it is

advanced to io8/. 75. when they have further either ad-

vanced the admifEon-money to double this fum, or tripled

the annual payments, they will be almojl right with refpe&
to this particular age, provided the cGmpenjation-msney^]^
mentioned, has been paid.

Thefe focieties, tho' their plans are fo inefficient, may,
after beginning their payments to annuitants, continue

them 15, or, perhaps, 20 years; but it will be by rob-

bing all the younger members.

I 3 the
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the lower ftations of life might be brought
to a habit of induftry, in the beginning of

life, by ftriving to get 25/. or 50 /. before-

hand in order to purchafe fuch annuities, and

thus to make provifions for themfelves in the

more advanced parts of life, when they will

be incapable of labour.

There are now eftablifhed in Ho/land Come

inftitutions of this kind. Any poor perfons

there, I am informed, who can, before they
attain to a particular age, lay up 507. may
make ufe of it in buying for themfelves a

right to be admitted, when 50, or at any
time afterwards, to houfes prepared on pur-

pofe, for providing them with all the con-

veniencies of lodging and board. This is an

excellent inftitution ; and I wifh there was

fome imitation of it in this kingdom.
Confiderable profits would, in this, cafe be

received, from the payments offome who
would chufe to delay going into fuch houfes ;

and of others who would grow rich enough
to be above them.

It is proper to obferve here, that inftituti-

ons of this kind would furnim one of the

fafefl ways of providing for widows. A mar-
ried man might, by paying ioo/. before his

wife attained to 40, entitle her, after 55, or

60, to a life annuity of 2i/. or 347. Or, by

paying the fame fum before (he attained to

34, he might entitle her, after the fame ages,
*

to
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to a life annuity of 287. or 44 /. (a) ; and in

this cafe he would have a chance of maring
himfelf in the benefit of the annuity.

I have called this thejafeft way of provid-

ing for widows, becaufe attended with none

of the dangers anting from difproportion of

age between men and their wives, and from
the admiffion of perfons labouring under con-

cealed diftempers.

I cannot conclude this Sedtion, without

mentioning the following plan of a provilion
for Old Age.

Let 1 3 guineas be given as entrance-money ;

and let belides i /. 2/. 3/. 4/. &c. be given
at the beginning of the ift, ad, 3d, 4th, &c.

years, as the payments for thefe years refpec-

tively; and let the laft payment be 16?. at

the beginning of the i6th year. All thefe

payments put together will, according to the

probabilities of life in the 3d, 4th and 5th
Tables, (intereft being at 4 per cent.} entitle a

perfon, whofe age was 40 when he begun
them, to an annuity, after 15 years, begin-

ning with i^/. and increafing at the rate of

j/. every year, 'till, at the end of 15 years

more, or
(b) when he has attained to 70, it

(a] The fame paymeqt before 30, would entitle to an

annuity of 22 /. after 50.

(If) According to the probabilities of life in the London

Table, this annuity {hould be greater. A Theorem for

finding what the annuity ought to be in thefe cafes, is

given in the Appendix, Note (I),

I 4 becomes
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becomes a {landing annuity of ^o/. for the

remainder of his life.

If the addition of three guineas is made to.

the entrance-mony> for every year that any life

between 30 and 40 falls fhort of 40, the va-

lue will be obtained nearly, of the fame an-

nuity to be enjoyed by that life, after the

fame number of years, and increafing in the

fame manner, 'till, in 30 years, it becomes

Jiationary and double. This plan is particu-

larly inviting, as it makes the largejl payments
become due, when the near approach of the

annuity renders the encouragement to them

greatcji ; and as, likewife, the annuity is to

increafe continually with age, till it comes to,

be higheft (), when life is moft in the de-

cline,

(a) The lower part of mankind are objects of parti-
cular compaflion, when rendered incapable, by accident,
ficknefs, or age, of earning their fubfiftence. This has

given rife to many very ufeful focieties among them, for

granting relief to one another, out of little funds fupplie4

by weekly contributions. A fociety of this kind, formed
on the following plan, would probably thrive, and might,
on fome accounts, be even more ufeful than the inftitu-

tions in Holland, mentioned in p. 118.

Let the fociety, at its firft eftablifhment, confift of ICQ

perfons, all between 30 and 40 j and whofe mean age
may therefore be reckoned 36 ; and let it be fuppofed to

be always kept up to this number, by the admiflion of

new members, between the ages of 30 and 40, as eld

members die off. Let the contribution of each member
be four- pence per week, making, from the whole body,
an annual contribution of 85 /. "17*. Let it be further

iuppofed, that feven of them will fall every year into dif-

orders, that ihall incapacitate them for feven weeks.

20A
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dine, and when therefore it will be moil
ufeful.-rr.lt is further a recommendation of

this plan, that lefs depends in it on the im-

provement of money than, in moft other

plans. But I muft leave thefe hints to be

purfued by others.

SECT. V.

Of the Amicable Society for a perpetual Affu-*

ranee Office : And the Society for equitable

Ajfurances on Lives and Survivorflips.

THE loth Problem has been given, with
a particular view to the corporation of

the Amicable Society,
for a perpetual Aflu^

3<D/. I2J. of the annual contribution will be juft fuffici-

ent, to enable the fociety to grant to each of thefe 12 s.

per week, during their illnefles. And the remaining 55 /.

per annum^ laid up and carefully improved, at 3^- per cent*

will increafe to a capital that fhall be fufficient, accord-

ing to the chances of life in Tables III, IV, and V, to

enable the fociety to pay to every member, after attaining
to 67 years of age, or upon entering his 68th year, an

annuity, beginning with 5 /. and increafing at the rate

of i /. every year for feven years, 'till, at the age of 75^
it came to be a {landing annuity of 12/. for the remain-
der of life.

Were fuch a fociety to make its contribution feven-

pence per week, an allowance of 15*. might be made, on
'the fame fuppofitions, to every member during ficknefs ;

befides the payment of an annuity beginning with 5/.
when a member entered his 64th year, and increafing for

15 years, 'till, at 79, it became fixed for the remainder of
life at 20 /.

If the probabilities of life are lower among the labour-

ing poor, than among the generality of mankind, this

j>lan will be fo much the more fure of fucceeding.

ranee-
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ranee-office on fmgle lives, kept in Serjeant
9

s-

Inn. This fociety was eftablimed in 1706,
and is the only one I am acquainted with,
which has flood any confiderable trial from
time and experience. The annual payment
of each member ufed to be 6/. 4*. payable

quarterly ; but it has been lately reduced to
5/.

The whole annual income, hence arifing, is

equally divided among the nominees^ or heirs

of fuch members as die every year; and this

renders the dividends among the nominees in

different years, more or lefs, according to the

number of members who have happened to

die in thofe years. But the fociety now en-

gages, that the dividends (hall not be /^/Jthan

I5o/. to each claimant, tho' they maybe
more. None are admitted whole ages are

greater than 45, or lefs than 1 2 ; nor is there

any difference of contribution allowed on ac-

count of difference of age.
This fociety has, I doubt not, been very

ufeful to the public; and its plan is fuch,
that it cannot well fail to continue to be fo.

It might, however, certainly have been much
more ufeful, had it gone from the firft on a

different plan. It is obvious, that regulating
the dividends among the nominees by the

number of members who die every year, is

not equitable ; becaufe it makes the benefit

which a member is to receive to depend,
not on the value of his contribution, but;

on a contingency ; that is, the number of

members that fliall happen to diq the fame

year
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year with him. This regulation muft alfo

have been difadvantageous to the fociety; as

will appear from the following account of

the natural progrefs of the affairs of fuch a

fociety, when eftablifhed on a right plan.

Suppofe a thoufand perfons, whofe com-
mon age is 36, to form themfelves into a fo-<

ciety for the purpofe of ajjnring a particular
fum at their deaths, to fuch perfons as they
jfhall name, in confideration of a particular
annual-contribution to be continued during
their lives. Suppofe the annual contribution

to be 5/. and the firft payment (a) to be

made immediately. Suppofe, likewife, the

original number of the fociety to be con-

flantly kept up by the admiffion of new
members, at 36 years of age, in the room of

fuch as die. In Queft. X. p. 33, it appears,
that an annual payment, beginning immedi-

ately, of 5/. during a life at the age of 36,fhould
entitle, at the failure of fuch a life, to 1727.

reckoning intereft at 4 per cent, and taking
Mr. De Moivres valuation of lives. A thou-

fand perfons, all 36 years of age, will die off

at the rate of 20 every year. The difburfe-

ments, therefore, of fuch a fociety will be,
the firft year, 20 times ij2l. or 3,440^ and
its income will be 5ooo/. It will, there-

fore, at the end of the year, have a furplus

(a) Such payments, it has been {hewn, Queft. VIII.

p. 28, are better than any halfyearly or quarterly payments,
^nd at the fame time they fave Tome trouble.

of
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of 15607. to put to interefl. In confe-

quence of the yearly acceffions to fupply va-

cancies, the number dying annually will be

always increafing after the firfr year. In 50
years it will attain to a maximum

-,
and then,

the affairs of the fociety will becomeJlafio^-

nary, and the number dying annually will be

40, and its annual expence will be 6,88o/.

exceeding the annual contribution i,88o/.

But, in the mean time, by improving its fur-

plus moneys, it will have raifed a capital

equal to this excefs, and, confequently, its af-

fairs will be fixed on a firm bafis for all fub^

fequent times.

Suppofe now, that fuch a fociety, at its

eftablimment, fhould refolve to divide its

whole yearly income among the nominees of
deceafed members. The effect of this would

be, that no capital could be raifed ; that the

dividends payable to nominees would diminifh

continually, till, at the time that the great-
eft number of members came to die annuallyt

or at the end of 50 years, they would be re-

duced to half ; and all claimants, after this

period, receive too little, becaufe the firft clai-

mants had received too much (a}.

At

(a) The reverfe of this will take place, if fuch a fo-

ciety begins with admitting all at all ages, and afterwards

changes its plan, and limits the age of admiflion. In this

cafe, the number of yearly deaths will be greatejl at firft,

and the dividends
frnalleft.

In confequence of altering its

plan, the yearly deaths will leflen gradually, and the divi-

dends rifej but in time bath would return again to their

original ftate.

The
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At the time of the inftitution of the Ami-
cable Corporation, the intereft of money was
at 6 per cent, and, as they admit ali between

12 and 45, the mean age of admiffion can-

not probably be fo great as 36. It appears,

therefore, that had they avoided the error

now mentioned, and gone from the firft on
the plan I have defcribed ; they might have
all along paid to each

nominee^ \j2t. befides

railing a capital much greater^ in proportion
to the number of members, than that I have

fpecified ; by the help of the excefs of their

annual payments above 5/. and fome other

advantages which they have enjoyed (a)*

Indeed, I cannot doubt but that, with thefe

advantages, they might, before this time,
have found themfelves able to pay at leaft

200 /. to each nominee , and at the fame time

The following fa&s incline me to fufpet, that this

remark may be applicable to the Amicable Corporation.

Firft. In their original charter, as it is given in their

printed abftra&s, there is no limitation of age menti-

oned ; but 31 years afterwards, I find a bye-law made

againft admitting any perfon who fhould be above the

age of 45, or under 12. Secondly. In their printed
advertifements in 1770, it is faid, that in 59 years they
had paid, among 3643 claimants, 378,1 84 /. from
whence it follows, that tho* the average of their divi-

dends, for the laft 17 years, has been I54/- the fame ave-

rage, for 59 years, is only I04/.

(a] A furplus from a thoufand members of only five

fallings per annum, duly improved, at 4 per tent, would,
in 41 years, produce a capital of 25,000 /.

reftricled
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reftricted themfelves, as they now do, to art

annual payment of j/. (a).

I have already mentioned one inftance in

which the plan of this fociety is not equita-
ble. Another inftance of this is, their re-

quiring the fame payments from all per-
fons under 45, without regarding the diffe-

rences of their ages ; whereas, the annual

payments of a perfon admitted at 45, ought
to be double the annual payment of a perfon
admitted at 12.

Further. The plan of this fociety is fo

narrow, as to confine its ufefulnefs too much.
It can be of no fervice to any perfon whofe

age exceeds 45. It is, likewife, far from be-

ing properly adapted to the circumftances of

perfons, who want to make affurances on their

lives, for only fhort terms of years. -Thus ;

the true value of the affurance of 1507. for

10 years, on the life of a perfon whofe age
is 30, is, by Queft. XIV, (intereft being at 3 per

cent.) 2/. 1 3 jr. in annual payments for 10

years, to begin at the end of the firft year ;

and fubjed: to failure when the life fails. But
fuch an affurance could not be made, in this-

fociety, without an annual payment of 5/.
Neither is the plan of this fociety at all

(a) It fhould be remembered, that all this is faid on
the fuppofition, that proper care has been taken to keep
out unhealthy perfons ;

and that the probabilities of life

among the members of this fociety, are the fame with
thofe in the 3d, 4th, and 5th Tables, in the Appendix.

4 adapted
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adapted to the circumftances of perfons, who
want to make affurances on particular fur-

vivorfhips. For example. A perfon pof-
feffed of an eftate, or falary, which muft be

loft with his life, has a perfon dependent

upon him, for whom he defires to fecure a

fum of money, payable at his death. But,
he defires this only as a provifion againft the

danger of his dying/Vy?, and leaving a wife,

or a parent, without fupport. In thefe cir-

cumftances-, he enters himfelf into this fo-

ciety ; and by an annual payment of 5/. en-

titles his nominee to 1507. In a few years,

perhaps, his nominee happens to die ; and,

having then loft the benefit he had in view,
he determines to forfeit his former payments,
and to withdraw from the fociety. In this

way, probably, this fociety muft have gain-
ed fome advantages. But the right method
would have been, to have taken from fuch a

perfon the true value of the fum allured,
" on the fuppofition of non-payment, pro-" vided he mould furvive." In this way he
would have choien to contract with the fo-

ciety ; and had he done this, he would have

paid for the aflurance, (fuppofing intereft at

3 per cent, his age 30, the age of his no-

minee 30, and the probabilities of life as in

the 3d, 4th, and 5th Tables) 3/. Ss. (a) in

annual payments, to begin immediately, and
to

(a) The value of I50/. payable at the death of a per-

fw, aged 30, provided he iurvives another perfon of tha

fame



128 Of tie Aflurances fif

to be continued during the joint continuance*

of his own life, and the life of his nominee.

All thefe objections are removed by the

plan of the fociety kept in Nicholas-Lane*

Lombard-Street, which has jufMy ftiled itfelf

the Society for 'Equitable Ajjurances on Lives

and Survivor/hips. This Society, if due care

is taken, may prove a very great public be-

nefit. It was founded, in confequence of

propofals which had been made, and lec-

tures, recommending fuch a defign,which had

been read by Mr. Dodfon, the author of the

Mathematical Repofitory. It afTures any fums,

or reverfionary annuities, on any lives, for

any number of years, as well as for the whole

continuance of the lives, at rates fettled by

particular calculation, and in any manner
that may be beft adapted to the views of the

perfons aflured. That is ; either by making
the allured fums payable certainly at the fai-

lure of any given lives ; or on condition of fur-

vivorfhip ; and alfb, either by taking the

price of the aiTurance in one prefent payment ;

or in annual payments, during any (ingle or

fame age, is, by Queft. XI. Chap. I. 7.45.65 ; and this

value divided by 13.43, (the value increafed by unity,
of two joint lives both 30) gives 7.3.4, or 3/. 8j. *

The value of the fame reversion, according to the pro-
babilities of life in London, is, 7.49.19, in cne payment ;

and 4.16, in annual payments, during the joint lives, the

Jfirft payment to be made immediately.

ioint
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joint lives, or any terms lefs than the whole
continuance of the lives. In fhort j the plan
of this fociety is fo extenfive, and fo impor-
tant, that I cannot fatisfy my own mind,
without offering to the gentlemen concerned

in the direction of it, the following obfer-

vations, hoping they will not think them

impertinent or improper.
Firft. They mould confider what diftrefs

would arife from the failure of fuch a fcheme
in any future time ; and what dangers there

are, which ought to be carefully guarded
againft in order to fecure fuccefs. I have al-

ready more than once obferved, that thofe

perfons will be mod for flying to thefe efta-

blimments, who have feeble conftitutions,

or are fubjeil to diftempers, which they know
render their lives particularly precarious $

and it is to be feared, that no caution will be

fufficient to prevent all danger from hence.

Again. In matters of chance, it is.impof-
fible to fay, that an unfavourable run of

events will not come, which may hurt the

bed contrived fcheme. The calculations on-

ly determine probabilities; and, agreeably to

thefe, it may be depended on, that events

will happen on the whole. But at particu-
lar periods, and in particular inftances, great
deviations will often happen ; and thefe de-

viations, at the commencement of a fcheme,
muft prove either very favourable, or very
unfavourable.

K Put
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But further. The calculations fuppofe,

that all the monies received are put out im-

mediately to accumulate at compound inte-

reft. They make no allowance for loffes, or

for any of the expences attending manage-
ment. On thefe accounts, the payments to

a fociety of this kind, ought to be fomewhat
more than the calculations will warrant. The
intereft of money ought to be reckoned low;
and fuch Tables of Obfervations ufed as give
the higheft values. Mr. Dodfon, I find, has

paid due attention to all this, by reckoning
intereft, in his calculations for this fociety,
at 3 per cent, and taking the loweft of all the

known probabilities of life, or thofe deduced

from the London bills of mortality (a). There

is, befides, a liberty provided of making a

call on all the members, in cafe of any par-
ticular emergency. It is, therefore, highly

probable, that this fociety is fecure. The
laft expedient, however, would be a very dif-

agreeable one, fhould there be ever any oc-

(a) It ought, however, to be remembered here, that in

felling life-annuities to commence either immediately,
or after given terms; and alfo in fome other cafes, the

values come out
lefe

in confequence of lower probabilities
of life. Would it, infucb inftances, be taking an unfair

advantage, to eftimate the values by the 3d, 4th, or 5th
Table in the Appendix, rather than the London Table ?

Thus ; was the fociety to fell 20 /. per annum, for life, to

a perfon now 30, after attaining to 50, the value, ac-

cording to Dr. Hallty's Table, would, reckoning intereft

at 3 per cent, be gol. in a fingle payment; but, accord-

ing to the London Table, the value would be only joL,

cation
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Cation for having recourfe to it; and, in order

to guard ftill more effectually againft danger,
it would not, I think, be amiis to charge a

profit of 3 or \per cent, on all the payments.
Should the eonfequence of this prove, that

in fomc future period the fociety mall find

itfelf poflefled of too large a capital, the

harm will be trifling, and future members
will reap the advantage. But this leads me
to repeat an obfervation of particular confe-

quence;
As this fociety is guided in every inflance,

by ftrid calculation, it is not to be expected
that it can meet with any difficulties for

many years j becaufe, not till the end of

many years after it has acquired its maximum
of members, will the maximum of yearly clai-

mants and annuitants come upon it ? Should

it, therefore, thro' inattention to this remark,
and the encouragement arifing from the pof-
feffion of a large furplus, be led to check or

flop the increafe of its .flock by enlarging its

dividends too foon, the confequences might
prove pernicious*

Again -,
1 would obferve, that it is of great

importance to the fafety of fuch a fociety,
that its affairs mould be under the infpeclion
of able mathematicians. Melancholy expe-
rience mews, that none but mathematicians

are qualified for forming and conducting
fchemes of this kind.-^-In fhort; dangerous
miftakes may fometimes be committed if the

K 2 affairs
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affairs of fuch a fociety are not managed care-

fully and prudently. One inftance of this I

cannot avoid mentioning.
A perfon, who defines to affure a particu-

- hr fum, to be paid at the failure of his life,

on condition of the furvivorfhip of another

life, may chufe to pay the value in annual

contributions during the continuance of his

own fingle life, rather than during the con-

tinuance of the joint lives, becaufe the an-

nual contributions, in this cafe, ought to be
much lefs. But a fociety that would prac-
tife fuch a method of ajj'urance would hurt,

itfelf; for, as foon as the life, on whofe fur-

vivorfhip the affurance depends, is extind:,

the perfon afTuretl, if then living, would have

no longer any benefit in view
', and, there-

fore, would make his payments with reluc-

tance, and, in time, perhaps, entirely with-

draw them ; the confequence of which would

be, that the fociety would fuffer a lofs by
being deprived of the juft value of the ex-

J>elation it had granted. The plan of a fo-

ciety ought always to be fuch, as that the

lolTes arifing from difcontinuance ofpayment,
ihould fall on the purchafer, and never on
the fociety.

I muft not forget to add, that it is necef-

fary, that fuch a fociety mould be furnifhed

with as complete a fet of Tables as poffible.
This will render the bufinefs of the fociety
much more eafy, and alfo much more capa-
ble of being conducted by perfons unikilled

in
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in mathematics. It will alfo contribute much
to

itsfqfety. For in all cafes to which Ta-
bles can be extended, there would be no oc-

cafion for^ employing any calculators 5 and,

confequently, a danger would be prevented
to which, tho' it is not now, it may hereaf-
ter be expofed ; I mean, the danger of hap-
pening to truft unlkilful, or carelefs calcula-

tors. Mr. Dodfon, I find, has furnimed this

fociety with fome important Tables ; and his

/kill was fuch, that there is no reafon to

doubt, but they may be depended on. They
have alfo others which, I believe, are fafe

and accurate. But there are fome ftill want-

ing which mould be fupplied ; and all mould
be fubjedted to the examination of the befl

judges, and afterwards publifhed; together
with a minute account of the principles af-

fumed, and the method taken in compofing
them. Such a publication would be a valu-

able addition to this -part of fcience ; and it

would alfo be the means of increafing and

eftablifhing the credit of the fociety.
In Queftions 4th, 6th, icth, nth, I4th,

1 5th, and i6th, I have, with a particular view

to this fociety, given rules, by which may
be formed every Table it can want, for mew-

ing the values of afTurances on the whole du-

ration, or any terms, of any one or two lives,

in all poffible cafes ; and nothing but care

and attention can be neceffary to enable any

good arithmetician to calculate from them.

K 3 Perhaps,
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Perhaps, this may be as much bufinefs as any
one fociety mould undertake. Rules, how-
ever, for finding the values of ajurances, in

moft cafes, where the whole duration of any
three lives is concerned, may be found in Mr.

Simpfon's Select Exercifes, from pag. 299 to

p. 3073 and it is not poffible they ihouldl

follow a better guide.

CHAP,
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CHAP. III.

O/*PUBLIC CREDIT, and the NATIONAL
DEBT.

THE National Debt is a fubjed in which
the public is deeply interefled. Some

obfervations have occurred to me upon it,

which I think important ; and for this rea-

fon, though foreign to my chief purpofe in

this work, I cannot help here begging leave

to offer them to the reader's attention*

The practice of raiting the necefTary fup-

plies for every public fervice, by borrowing

money on intereft, to be continued 'till the

principal is difcharged, muft be in the high-
eft degree detrimental to a kingdom, unlefs

a plan is fettled, for putting its debts into a

regular and certain courfe ofpayment. When
this is not done, a kingdom, by fuch a prac-
tice, obliges itfelf to return for every fum it

borrows infinitely greater fumsj and, for the

fake of a prefent advantage, fubjects itfelf tQ

a burden which mufl be always growing
heavier and heavier, 'till it becomes infup-

portable.
This feems to be now the very ftate of

this nation. At the REVOLUTION, an asra

K 4 in
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in other refpedts truly glorious, the practice
I have mentioned begun. Ever fince, the

public debt has been increafmg faft, and

every new war has added much more to it,

than was taken from it, during the preced-r

ing period of peace. In the year 1700, it

was 1 6 millions. In 1715* it was 55 mil-

lions. A peace, which continued 'till 1740,
funk it to 47 millions; but the fucceeding
war increafed it to 78 millions ; and the

next peace funk it no lower than 72 mil-

lions. In the loft war it rofe to 148 mil-

lions ; and, at a few millions lefs than this

fum it now ftands, and probably will ftand,

'till another war raifes it perhaps to 200 mil-

lions. -One cannot refledt on this without

terror, No refources can be fufficient to fup-

port a kingdom long in fuch a courfe. 'Tis

obvious, that the confequence of accumulat-

ing debts fo rapidly ; and of mortgaging pof-

terity, and funding for eternity, in order to

pay the intereft of them ; muft in the end

prove deflrudive. Rather than go on in this

way, it is abfolutely necefTary, that no mo-

ney mould be borrowed, except on annuities,

which are to terminate within a given pe-
riod. Were this praclifed, there would be

a LIMIT beyond which the national debts

could not increafe ; and time would do that

necejjarify for the public, which-, if trufted to

the oeconomy of the conductors of its affairs,

might poffibly never be done.

This,
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This, therefore, is one of the propofals to

which, on this occafion, I wifh I could en-

gage attention.' I am fenfible, indeed, that

the prefent burdens of the ftate would, in this

cafe, be increafed, in confequence of the

greater prefent intereft, that would be necef-

fary to be given for money. But I do not

eonlider this as an objection of any weight.
For let the annuity be an annuity for a i oo

years. Such an annuity is, to the prefent
views of men, nearly the fame with an annui-

ty for ever ; and it is alfo nearly the fame in

calculation, its value at 4 per cent, being
24^ years purchafe, and therefore only half a

year's purchafe lefs than the value of & per-

petuity. Suppofing, therefore, the public able

to borrow money at 4 per cent, on annuities

for ever, it ought not to give above i s. yd.

per cent, more for money borrowed on annui-

ties for 100 years: But mould it be obliged to

give a quarter, or even an halfper cent, more (a),
the additional burdens derived from hence,

() Thefe annuities might be kept 1 8 years without

being much diminifhed in value; for, fuppofing intereft

at 4 per cent, an annuity for 82 years, is within a 4Qth
part, or 2/. in 987. worth as much as an annuity for a
ICO years.

Perhaps, in this way of raifing money, it might be beft

to offer a higher intereft at firft, which fhould fall to a

lower, at the end of given intervals. Thus, tho' 44 for

100 years is equal in value to 5 per cent, for 17 years, and-

after that 4 per cent, for 83 years, yet the latter might
appear more inviting.

\voul4
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would not be fuch as could be very fenfibly
felt ; and the advantages, arifing from the

neceffary annihilation of the public debts by
time, would abundantly overbalance them.

Thefe advantages would be, indeed, un-

fpeakably great. By fuch a method of raifing

money, the expence of one war would, in

time, come to be always difcharged, before

a new war commenced; and it would be im-

pofTible,
that a ftate mould ever have upon

it, at any one time, the expence of many
wars; or any larger debts than could be con-

tracted, within the limited period of the an-

nuities : and, confequently, it would enjoy
the invaluable privilege of being rendered,
in fome degree, independent of the manage-
ment of its finances by ignorant or unfaithful

fervants.

I muft add, that it is by no means necef-

fary, that the limited period of the annuities

fhould be fo long as I have mentioned, or

joo years : And that, at any time before the

expiration of this period, the public might
employ any furplus monies, in extinguishing

part of the annuities, by purchafmg them for

itfelf at the market price ; and thus it might
aid the operations of time, and keep its debts

within any bounds, that its intereft rendered

neceffary. -Our government has, I know, in

fome inftances adopted the plan now propof-
cd ; but it is to be wifhed that, inftead of

retracting

3
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retracing (a) it, as was once done, it had

been carried much further.

I am, however, far from intending to re-

commend this plan as the beft a ftate can.

purfue. There is another method of gaining
the fame end, which is, on many accounts,

preferable to it. I mean,
"

by providing an
'< annual faving, to be applied invariably,
"

together with the intereft of all the fums
4t redeemed by it, to the purpofe of difcharg-
"

ing the public debts : Or, in other words,
"

by the eftablimment of a permanent SINK-
' ING FUND."
It is well known, that this plan has been

alfo adopted by our government; but, tho*

capable of producing the greateft effects in

the eqftefl and fureft manner, it has never been

carried into execution. It will abundant-

ly appear from what follows that this obfer-

vation is
juft.

Suppofe the annual faving to be ioo,ooo/.
This Aim, applied now to difcharge an equal
debt, bearing intereft at 4 per cent, will tranf-

fer to the public, from its creditors, an an-

nuity of 4,ooo/. At the end of a year,

then, there would be a faving of 1 04,000 /.

which would transfer to the public another

annuity of 4,i6o/. and make the faving, at

(a) In the year 1720, the nation was put to the ex-

pence of three millions, in order to reduce feveral long
and

fhorf annuities then fubfifting, to redeemable perpe-

the
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the end of two years, to be io8,i6o/.

Thus, the original fund would go on increaf-

ing, at the fame rate with money improved
at 4 per cent, compound intereft. At the

end of three years it would be 1 12,4867. At
the end of i years, 202,5877. Of 36 years,

410,3937. and of95 years (a), 4,151, 138;.
At the end of93 years, then, the nation might
be eafed of above 4 millions per annum in

taxes; and above 100 millions of its debts

would be difcharged, gradually and infenfibly,
at no greater expence than 1 00,000 /. per an-

num j and, without interfering with any of

the refources ofgovernment , or making any
other difference, than caufingyzW.f to be en-

gaged for a courfe of time to the public^ that

would have been othervvife necefTarily engag-
ed to its creditors, and which, therefore, muft

have been entirely ufelefs to it.

It is an obfervation that deferves particular
attention here, that, on this plan, it is of lit-

tle importance what intereft a ftate is obliged
to give for money : For the higher the in-

tereft, the fooner will fuch a fund pay oft

the principal. Thus; a joo millions borrow-

ed at 8 per cent, and bearing an annual in-

tereft of eight millions, would be paid off by
a fund, producing annually ioo,ooo7. in 56

years; that is, in 39 years lefs time, than if

the fame money had been borrowed at ^.per
cent.

(a} See the Queftions annexed to the Tables in the

Appendix.
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It follows from hence, that reductions of

intereft would, on this plan, be no great ad-

vantage to a ftate. They would, indeed,

lighten its prefent burdens; but this advan-

tage would be balanced, by the addition that

would be made to itsfuture burdens, in con-

fequence of the longer time, during which
it would be necefTary to bear them. I mean
this on the fuppofition, that the favings pro-
duced by reductions of intereft, are imme-

diately applied to the relief of the ftate, by
annihilating taxes equivalent to them. But
if this is not the cafe ; and if, likewife, there

is either no plan eftablifhed for putting the

public debts into a certain courfe of payment,
or it is not faithfully carried into execution ;

in thefe circumftances, reductions of intereft

may prove hurtful. For, firft, They would

only furnifh with more money for fupplying
the deficiencies arifing from bad manage-
ment. And, fecondly, As, in fuch circum-

ftances, theynvould only retard, and not pre-
vent the increafe of the burdens occafioned

by the public debts, a period would come
when the affairs of the ftate would get to a

crifis-, and, at fuch a period, its danger would
be increafed, in proportion to the reductions

of intereft that had been made.
In order to underftand this ; let us fuppofe,

that a debt, bearing an annual intereft of five

millions, is the whole debt, which a ftate

can bear without being fo much oppreft as

to
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to be near finking. Let it, however, be
flip-*

pofed to have ftill fome laft refources left*

which may enable it to bear, for 23 years to

come, this load, together with every addi-

tional load, which, during this time, may be

necefTary to be thrown upon it. Let it fur-

ther be fuppofed, that at this time,- the ftate,

urged by the fear of an approaching bank-

ruptcy, refolves upon entering into fome ef-

fectual meafures for preferving itfelf. Cer-

tain it is, that in this cafe, no meafureyj ef-

fectual can be purfued, as the eftablifliment

of aJinkingfund\ and fuch a faithful applica-
tion of it as I have explained. Let this then

be the meafure entered upon ; and let the

ftate be fuppofed capable of providing a fund,

producing a million annually. If all the debts

bear intereft at 6 per cent, this fund would

pay off three fifths of them, within the time

I have mentioned; or, in 23 years; and the

{late might be laved. But if, in confequence
of reductions, they bear intereft at no more
than 3 per cent, the fame fund would not give
the fame relief, in lefs than double that time;

and, therefore, a bankruptcy might prove
unavoidable (a).

lijjdf <r^U/ <>J ..o sKf >,.,,: >;' M ; j^4*3
(a] In fome other kingdoms a fpunge might be ap-*

plied in fuch circumftances, or the funds reduced one
fcalf by an ac} of defpotifm, without occafioning any con-

yulfions ; but this is not poflible in this free country }

ar.d, ic is to be hoped, never will be poflible.

I
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I wifh I could think, that there is nothing
in this reprefentation, that can be applied to

the prefent ftate of this nation. The intereft:

of the public debts has been reduced, at dif-

ferent periods, from 6 to 5, and from 5 to 4,
and 3 per cent.; but ftill they have grown
with rapidity; and we now fee ourfelves over-

loaded, and in no way of gaining relief. Had
there been no reductions ofintereft, we mould,,

indeed, have been in the fame condition

fooner; but, we might have been relieved

alfo fooner, and with lefs difficulty and dan-

ger.
What I have now faid implies, that a ftate

always difcharges its debts, whatever intereft

they bear, by paying the original fum bor-

rowed. It may, perhaps, be imagined, that

when a loan is under par, it may be difcharg-
cd at a lefs expence. But this is by no means
fo practicable as it may feem ; for it mould
be confidered, that a public loan, now under

par, would not long keep fo, after being put
into acourfe of payment : And, for this rea-

fon, as a flate can never be obliged, in re-

deeming its debts, to pay more than the ori-

ginal fum borrowed, fo neither ought it to

expect, in general, to be able to redeem them

by paying lefs.
I have faid, in general-, for

I am fenfible, that at the beginning of the

operations of a fund, when its produce is

fmall ; and alfo, in a time of war, a ftate

might derive great advantages from the low

price
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price of its debts. And I am fenfible alfo,

that confiderable advantages might be de-

rived from lotteries (a), in paying the public
debts : But lotteries do great mifchief in a

ftate, by foftering the deftruclive fpirit of

gaming. It is wretched policy to make them

familiar, by recurring to them in the ordinary
courfe of government. There are great oc-

cafions on which they may be neceffary, and

for fuch occafions they mould be referved.

But to return to the fubjedl: I have princi-

pally in view.

The advantages of putting the public debts

into fuch a courfe of payment, as I have

defcribed, are fcarcely to be imagined. It

would give a vigour to public credit, which
would enable a ftate always to borrow money
eafily, and on the beft terms. And the en-

couragement to lenders might be always im-

proved, without any inconvenience, by mak-

ing every loan irredeemable, during the firft

20 or 30 years; for, there could leldom be

any occafion, for beginning to difcharge any
me loan fooner.

It might be eafily (hewn, that the faithful

application, from the beginning of the year

(a} Thus; 8oo,occ/. of the 3 per cents. 3187; or

I,ooo,cco, at 70, might be redeemed with half a million

of money, confifting of' 50,000 lottery tickets at io/. each,
real value ; but capable of being (old at l4/. as was.

done in forae of the laft lotteries."

J7CO,
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1700, of only 200,ooo /. annually, would

long before this time, notwithftanding the

reductions of intereft, and every wafte that

has been made of the public money, have

caufed above half the public funds to revert

to the public, and paid off above 80 millions

of its debts. The nation might therefore,

fome years ago, have been eafed of the great-
eft part of the taxes with which it is load-

ed. The moft important relief might have

been given to its trade and manufactures;
and it might now have been in much better

circumftances, than at the beginning of the

laft war; its credit firm; refpedled by fo-

reign nations; dreaded by its enemies; and

ready to punifh any infult that could be of-

fered to it. The near view, likewife, of fuch

a period, during the courfe of the laft war,
Would have given higher fpirits to the na-

tion, and encouraged it to bear the expence
occafioned by the war with more chearful-

nefs, and to continue it with vigour for two
or three years longer; the confequence of

which would, probably, have been, gaining
a full indemnification from our enemies, and

weakening them to fuch a degree, as would
have given us effectual fecurity againft them
for ''many years to come. A new account

might alfo now' have been begun ; and an-

other fund, not much more confiderable, ap-

plied in the fame way,would, in 60 or 70 years

more, have paid, not only all that would
L have
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have been now unpaid, but alfo, probably,
a great proportion of fuch further debts as

muft be contra&ed within this time (a). And
thus, without any expence that could be fen-

libly felt, its debts, as foon as they began to

grow heavy, might have been conftantly re-

duced to a half, or a third ; and not only all

danger',
but all confiderable inconvenience from

them prevented.
All I have now faid, fuppofes aJingle fund

with a general appropriation to the payment
of the public debts. The fame ends might
be anfwered by particular funds, with fmall

furplufTes, appropriated to particular debts.

In the wars of King William and Queen Anne,
6 per cent, interefi was given for all loans.

It would have been eafy to have annexed to

each loan a fund producing a furplus of I /.

per cent, after paying the intereft
-,
and fuch a

furplus would have been fufficient to annihi-

late the principal of every loan in 33 years.
Had this plan been followed, the diiengage-
ment of the public funds, and the relief at-

tending it, would have begun 50 years ago;
and the debts contracted, during the reigns

() One of the propereft obje&s of taxation in a {late

is celibacy.
I doubt not, but that by a fund fupplied only

from hence, the end I have in view might have been

eafily accomplifhed ; and, confequently, the very means
of paying off the debts of the nation, rendered at the

fame time the means of increafing its chief ftreng'h, by
promoting population in it.

of
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cf King William and Queen Anne, would have
been all cancelled near 20 years ago, without

any of that trouble, tumult and diftrefs, which
have been occafioned by redu<tions of intereft,
and by the various fchemes which have been
tried for leffening the debts (a).- A fund,

yielding i /. per cent, furplus, annexed to a

loan at 5 per cent. , would difcharge the prin-

cipal in 37 years (b). At 4 per cent., in 41

years. At 3 per cent., in 47 years.

Thefe obfervations relate only to what

might have been the ftate of the nation with

relpect to its debts, had a right plan been

purfued from the firft. But it will be aiked,

What can be done with them as they are ?

I wifh I was able to give a more fatisfa&ory
anfwer to this enquiry. Every one muft fee

our profpect to be difcouraging, and our ftate

hazardous. Some have thought, that a good

{a] The fums to be laid out would, in this cafe, be fo

fmali at firft, that it would be proper to employ them in

purchafing part of the loan to be annihilated at the prices
in the public market ; and this, as far as it can be car-

ried, is the moft eafy and quiet and filent way poiTible
of extinguiftiing the public debts.

(b] I have all along fuppofed the produce of the pub-
lic funds to come in yearly. The truth is, that it comes

in balf-yezriy ; but this gives no advantage in the pay-
ment of the public debts worth taking into account, i /.

per annum^ together with its growing intereft, at 4 pfr
cent, taken yearly out of I oo/. will reduce it to nothing
in 41 years ;

if taken /w/f-yearly, it will annihilate the

fame capital only four months and 12 days fooner. See

the queftions annexed to the Tables in the Appendix.

L 2 method"
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method might be found out of difchargirrg
the national debt, by life annuities. The fol-

lowing obfervations will Lhew how vain an

imagination this is.

Let us fuppofe, that 33,333,0007. is to

be paid off, by offering to the public cre-

ditors life-annuities, in lieu of their 3 per
cents. A life at 60, fuppofing intereft at 34

per cent., and the probabilities of life as in

the Erejlaia, Norwich, and Northampton Ta-
bles of Obfervation, is worth n years pur-
chafe. A life at 30 is worth 64 years pur-
ehafe. Certainly, therefore, no fcheme of

this kind would be fufficiently inviting, which
did not offer 8 per cent, at an average, to all

fubfcribers. Let us, however, fuppofe, that

no more than 74. is given; and that there are

33333 febfcribers, at iooo/. ftock each, for

which a life-annuity is to be granted of 75/.
or, for the whole flock fubicribed, two mil-

lions and a half. A million and a half ex-

traordinary, therefore, muft be provided to-

wards paying thefe annuities.

Let us further fuppofe, that the fubfcri-

bers are perfons between the ages of 30 and

60 ; and that the numbers of them, at all

the intermediate ages, are in the fame pro-

portions to one another, with the proportions
of the living at thefe ages, as they exift in

the world, or, as they are given in Tables of

Obfervation. Let us again fuppofe, that as

thefe antiwtahfs'dit off, they are immediately

3 replaced
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replaced by others, who are continually of-

fering themfelves at the fame ages, and in

the fame proportional numbers at thefe ages,
with thofe of the original fubfcribers at the

time they fubfcribed ; in confequence of

which, the whole number of annuitants will

be kept always the fame. In thefe circum-

ftances, it will be 30 years, at leaft, before a

number will die off, (a) equal to the whole

number; that is, before 33 millions of debts

will be annihilated. But had the extraordinary
million and half provided for paying thefe

annuities, been employed during this time, in,

paying off fo much of the debt at par every

year, extinguishing at the fame time every year
an equivalent tax, 45 millions would have
been paid. But had the favings, alfo, inftead

of being funk as they arofe, been employed
in the fame manner, 71 millions would have

been paid.
The nation, therefore, mufr, without doubt,

lofe greatly by all fchemes of this kind;
and yet they have been often much talked

of j and, indeed, I {hall not wonder, mould
I hereafter lee an attempt made to pay off

the national debt in this way.
I muft beg leave to detain the reader here

fome time longer. A more particular ex-

planation
of this fubjecl, will lead to fome

(a] A demonftration of this will be given in the Ap-
pendix, note (K).

L 3 obfer-
r
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obfervations on the beft methods of railing

money which, I think, deferve to be care^

fully confidered.

When any Turn is faid to be the value of a

life-annuity, the meaning is, that, in confe-

quence of being improved at intereft, and

allowing for the chances of mortality, it will

bear the whole expence of the annuity. If,

therefore, inftead of being laid up for im-

provement, it is either immediately applied
to particular ufes, or has been long fince ipent j

there will be a lofs, equal to the fum which
would have been added to the purchafe-mo-

ney, had it been improved. This is the rea-

fon of the lofs which, I have fhewn, the pub-
lic would fuffer by offering Itfe-annuities, in

lieu vijlocky in order to extinguish its debts.

And for the fame reafon, it muft always lofe

considerably by raijing money on life-annui-

ties.

Suppofe a million raifed by annuities on a

fet of lives, all at 30 years of age. Perfons

at this age have, (according to Tables III,

IV, and V,) an expectation of 28 years. That

is; the duration of their lives, taking them
one with another, will be 28 years; (fee the

beginning of the firft EfTay) and they will be

entitled, fuppoiing intereft at 4 per cent, to

7/. per annum, for every ioo/. advanced. For
a million then, the public would make 28 pay-
ments of 70,0007. Let us fuppofe next, that

a
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a fund producing this fum annually, inftead

of being engaged to pay thefe life-annuities,
is engaged for 28 years, to pay the principal
and intereft of a million, borrowed on redeem-

able perpetuities, at ^percent. There will,at the

end of the firftyear, be a furplus of 30,0007.-
In confequence of applying this to the ex-
tinction of the principal, it will be reduced to

970,000 /. on which, at the end of the fe-

cond year, the intereft due will be 38,8oo/.
There will, therefore, be a faving of 1200 7.

Inftead of employing this faving in further

finking ti\z principal, which would caufe the

fund to accumulate in the fame manner with

money at compound intereft, let it be taken

and employed in any other way: And let the

fame be done with all the fubfequent favings,

referving only 30,0007. annually, for the pur-

pofe of finking the principal. At the end of the

iecond year, the principal will be 940,0007. j

and the faving of intereft upon it, at the end of

the third year, 24007. At the end of the 28th

year, the principal will be reduced to 1 6o,ooo/.
The faving of intereft that year will be, I2OO/.

multiplied by 27, or 32,400 ; and the fum of

all the favings will be 453,6oo/. Deduct from
hence i6o,ooo/. remaining then undifcharg-
ed of the principal; and 293,6007. will be

the lofs the public would fuftain, in the cir-

cumftances I have fuppofed, by raifing mo-

ney on life-annuities. But if we fuppofe
the favings, as they arife, as well as the con-

L 4 ftant
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ftant fum of 30,0007. to be applied to the

difcharge of the principal, inftead of being

fpent on current fervices \ the whole million

will be annihilated in 21 years and half; and

the lofs to the public by life-annuities, will

be 64 years purchafe of the annuities ; or

455, ooo/. By fimilar deductions it may be

eafily found, that the lofs, in younger lives, is

greater j in older lives 1'efs ; but never incon-

iiderable, except in the oldeft lives.

It appears, therefore, that, in confequence
of fuch a way of raifing money, the public
muft always pay much more in intereft than

there is any occafion for; and ivafte a fum

nearly equal to half the principal borrowed (a}.

This,

(a] It is obvious, that the obferyations here made,

may be applied to the common methods of raifing money,
on life-annuities, for building churches, paving ftreets,

making navigations, &c. &c. And, in general, to all cafes

where the money received, is not laid up to be improved.
For, to view this fubjecl in another light, let us fup-

pofe io,coo/. borrowed for any public work, on perpe-

tuities, at
4. per cent. And, if that will afford more en-

couragement, let them be made irredeemable for any
iinmber of years lefs than feventeen. Let us further fup-

pofe, fuch rates, or tolls, eftablifhed for the payment of

the intereft and principal, as fhall produce double the in-

tereft of the fum borrowed ; or 8oo/. per annum, inftead

of 400A per annum. Let thefurplus, as it comes in half-

yearly, be laid up to accumulate in the public funds. In

17 years and half, reckoning intereft at 4. per cent, a ca-

pital will be raifetl, equal to the whole fum borrowed
;

and, therefore, at the end of that time, the whole debt

may be difcharged, and the whole tranfaclion finiflied.

But if the fame fum had been borrowed on annuities, for

hs

...
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This, however, tho' fo wafteful, is a more

frugal way of procuring money than by bor-

rowing on perpetuities, without putting them
into a courfe of redemption ; for in this cafe,

(if a fpunge is not applied) the lofs mufl be

infinite.

I muft add, that thefe obfervations are par-

ticularly applicable to all the ways of railing

money by the fale of reverfions. The pub-
lic, for inftance, might procure a million, by
offering for it a fund, that will be difengag-
ed at the end of 18 years ; and then produce
8o,ooo/. per annum for ever. This, fuppo-

fing intereft at ^.per cent., would be the very
fame with offering two millions, 18 years

hence, for one million now : And a private

man, or an
office

for the fale of reverlions,

might gain by fuch a tranfadion ; becaufe,

the money advanced, in confequence of being

improved, might, in 18 years, be more than

the lives of a fet of perfons 50 years of age, at 8 per cent.

which is i /. per cent, lefs than the true value of fuch an-
nuities : Had this, I fay, been done, half the annui-

tants would have been alive at the end of the term I have

mentioned; (fee Tables III, IV, and V,) and the whole

tranfadion, together with the expences and trouble at-

tending the management of it, could not have been finally
clofed 'till the extinction of all the lives ; that is, not in

lefs time, moft probably, than 35, or, perhaps, 40 years.
It is a neceflary obfervation here, that, if public credit

maintains its ground, much will not depend, in the plan
now propofed, on the rife and fall of STOCKS. If a war
finks them, the money laid out, while the war lafls, will

accumulate fafter. If a peace raifesthem, the money that

had been previoufly laid out will be proportionably in-

creafed,

Doubled ,
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doubled. But, as the public always borrows
for immediate fervices, and never lays up
money, it would neceflarily lofe a fum equal
to the whole fum borrowed : And the fame

money might have been borrowed on a fund,

producing 5o,ooo/. per annum-, which would
not only pay the intereft, but difcharge the

whole principal in 41 years (a).

By raifing money on life-annuities, the

prefent members of a ftate take a heavier load

on themfelves, in order to exempt pojlerity ;

and there would be a laudable generofity in

this, were it not for thejb/fy of it ; the fame

exemption being equally practicable at half
the expence. On the other hand. By bor-

rowing on reverjionary grants, the prefent
members of a ftate exempt themfelves entire-

ly, by throwing the load doubled on pofterity j

and there is a cruelty and
injuftice

in this

that nothing can excufe,

It is well known, that both thefe methods
of raifing money have been practifed among
us. This, however, is, by no means, the

word that has been done. It has been common
to borrow money to pay the intereft of mo-

ney borrowed, and thus to give compound in*

terejl for money j and our parliaments have,

fometimes, exprefsly provided, that this mall

be done for a fucceffion of years.

(a] The fmallnefs of the fums, which I have here and
eltewhere fometimes fuppofed to be employed in dif-

charging the public debts, can create no difficulties, be-

caufe there is no fum which may not be applied to this

ufe by purchafing ftock.
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But to return to the main point I had in

view.

The enquiry which has occafioned this

digreffion, muft be highly interefting to every

perfon who wifhes well to his country. All

ichemes for difcharging the public debts, by
life-annuities, have been fhewn to be abfurd

and extravagant. In general ; it may be ob-

ferved, that it is far from probable, that any
money which the nation can fpare, if ap-

plied fo as to bear only fimple intereft, can

be capable of reducing its debts within due
bounds j or of doing us, in ourprefent circum-

ftances, any eflential fervice. A fund, pro-

ducing a furplus of even two millions annu-

ally, would, when thus applied, pay no more
than 40 millions in 20 years ; and, in that

time, a war might probably come, which
would interrupt the application of it; and
increafe our debts much more than fuch a

fund had leffened them.

Certain it is, therefore, that if our affairs

are to be retrieved, it muft be by zfund in-

creafing itfelf in the manner I have explain-
ed. The fmalleft fund of this kind is, in-

deed, omnipotent, if it is allowed time to ope-
rate. But we are, I fear, got fo near to the

limits of the refources of the nation, that it

cannot be allowed much time : And, in or-

der to make amends for this, it is neceflary

f
hat it mould be /tfr^.^Let us then fuppofe,

3 that
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that the nation is flill ftrong enough to ena-

ble it to provide a fund, that mall yield a

million and halfannually, for 20 years to come :

And alfo, that, together with all its prefent

burdens, it is capable of bearing every addi-

tional burden that 20 years more can bring

upon it. If this is not true, we have, I think,

nothing to do but to wait the ifTue, and
tremble.

A fund, producing annually a million and
a half, would increafe to three millions per
(inn. in 20 years (a.) At the end of this term,
the nation might be eafed of the moft op-

preflive taxes, to the amount of a million and

a half; and the confequence would prove,

that, if there mould have been a war, either

the whole, or much the greateft part of the

addition occafioned by it to the public bur-

dens, would be taken off, and the nation

reinflated nearly in its prefent circumflances.

But, if there mould have been no war, the

national debt and the taxes charged with it,

would be reduced a third below the fums at

which they now (land; and the nation would
be fo much relieved as to be prepared for a

Avar. The remaining million and halfwould,

... j

(a) It fliould be remembered, that in the year 1779,
i/. per cent, on the confolidated 4 p^r ants, will be anni-

hilated, and that I fuppofe the favings derived from hence
to be taken at that time as a part of the fund. Methods

might be eafily contrived for getting this faving imme-

civ, which would be fotne advantage.
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in 23 years, increafe again to three millions

per annum ; and then, fo much more of the

public taxes would be fet free; 50 millions

more, or 93 millions in all, of the public
debts would be difcharged, and the difficul-

ties of the nation would be, in a great mea-

fure, conquered. During this whole courfe

of time, there may poffibly be but one war;
and mould that happen, the appropriation at

the end of it, of about 400,0007. per annum,

might be enough to anfwer all purpofes.
In thefe obfervations, I fuppofe the 3 per

cents to be paid off ztpar-, and no advantage
taken at any time of their low price. By
taking this advantage, and with the help of
a little management, a fund, producing an-

nually a million and half, might be made to

increafe to another million and half, in lefs

time than I have affigned. Should there be
a war in a few years, the 3 per cents, would

probably fall below 75 -,
and then the pro-

prietors of them muft be glad to part with

them at this price; thefconfequence ofwhich,

fuppofing the war to laft eight years, would

be, that the fund would double itfelf, and
the nation be relieved in the manner I have

mentioned, in 18, inftead of 20 years.
The advantage will be the fame, fuppofing
the government at fuch a time to go on in

paying off the 3 per cents 2&par. For the effect

of this would be, that money might be bor-

rowed for the public fervice on proportion-

ably
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ably better terms. Suppofe, for inftarice/

that four millions muft be borrowed for the

fervice of the year ; and let the produce of

the fund be then increafed to two millions;

and the intereft of money in the flocks> above

4 per cent. In thefe circurmtances, it would

be the intereft of the lenders of money, to

take ^ per cent, for the fums they advanced,

In confederation of having their 3 per cents

paid
off at par, to the amount of half thefe

lums. War, therefore, would accelerate the

redemption of the public debts ; and it would
do this the more, the longer it lafted, and

the higher it raifed the intereft of money.
Or if, in confequence of paying always at

par, this could not happen ; an equivalent
effect would be produced in the way juft
mentioned. The ftocks would be always

kept up by the operations of the fund ; and,

in proportion to the fums yielded by it, the

public would be able to borrow money more

advantageoufly, and lefs would be added to

its burdens. This feems to me an obferva-

tion of particular coniequence. It demon-

ftrates, that the invariable application, in

ivar as well as peace, of the produce of the

fund I am fuppofing, to the payment of

the national debts, rather than to any cur^

rent fervices, would, independently of its ef-

fect in (a) redeeming thefe debts, be attend-

ed-

(0) So true is this, that a war, were we now engaged
in it, would only render the prefcxt time fa much the'

(ROM
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ed with great advantages to the public. But

this is a fubjeft on which I ihall have occa-

(ion to fay more prefently.

more proper for entering into mfiafures for paying the

public debts. And the following obfervations will put this

out of doubt.

As it is now become the practice to have recourfe to lot-

teries in peace, we may be fure, that no year will pafs with-

out them in war. I would, therefore, propofe, that, inftead

of making ufe of them in raifing the annual fupplies in

war, they {hould be then applied as an aid in difcharging
the public debts. Suppofe the war to laft 10 years, and

the 3 per cents at 70. Suppofe alfo, each lottery to confift

of 75O,OCO/. in tickets^ which, when difpofed of to fub-

fcribers, will bring in i,O5O,ooo/. On thefe fuppofitions,
the whole

lofs
to the public, from applying the lotteries

to the payment of the public debts, rather than to the cur-

rent fupplies, will be 1,050,000^. annually, or 10 millions

and .1 in all. The gain will be as follows. 750,OOO/. of
the produce of the finking fund, formed into tickets, will

be the fame with i,050,000 /. ; and this fum will pay
offa million and a half of the 3 per cents, every year, or 15
millions in all

j
and the growing favings ariiing from

thefe payments will, at the end of 10 years, have paid,
at leaft, two millions more. The nation, therefore, hav-

ing paid off 17 millions of its debts, and added to them

only 10 millions and
j, will gain fix millions and -. But

this' will be the fmalleft part of its gains. All the produce
of the Jinking fund, over and above 750,0007. might be

charged with the payment of the intereft of fuch new debts

as would be neceffary to be contracted during the war;
and, at the end of it, the nation, with the help of 2co,ooo/.
to be difengaged in 1779, by the reduction of the

4. per
cents, would find itfelf poffefied of a fund, producing
i,45O,ooo/. annually; which, faithfully employed, might
probably be fufHcient to extricate it from all its difficul-

ties. Befidesthis; fuch a fcheme would not only pre-

ferve, but raife
and eftablijb the credit of the public : And

he only can be duly feniible of the importance of this,

who will confider, what danger there would be in ano-

ther



l6o Of Public Credit*

Thefinkingfund, in its prefent flate, and,
after fupplying the deficiencies of the peace
eftablimment, yields, I fuppofe, a confidera-

ble part of the million and a half I have men-
tioned. An annual lottery might eafily raife

200,000 /. more. But this is a meafure which
I cannot wifh to fee carried into execution,

unlefs abfolutely necefTary. Were the ma-

nagers of our affairs fufficiently in earneft in

this bufmefs, I cannot doubt but that fuch

favings might be made in the collection and

expenditure of the national revenue, as would
caufe the finking fund to yield, for 18 or 20

years to come, the whole of this fum, with-

out impofing any new burdens on the pub-
lic. But, were there, indeed, no way of

providing any part of it, but by creating new
funds, or impofing new taxes; it ought to be

done, becauie it mujl be done, or the nation

be ruined.

The evils and dangers, attending an exor*

bitant public debt in this coinitry, are fo great,
that they cannot be exaggerated. "Without

repeating, what has been fo often faid, of its

increaiing the dependence on the crown, by
jobs and places without number; occafioning

ther war, (hould it continue long, of either overwhelming

public credit; or of being terrified, by the apprehenfion of

fuch a calamity, into an ignominious and fatal peace.
The eftabliftiment, therefore, of fome fuch plan as that

BOW propofed, would, at the beginning of a war, be the

naoft important of all works.

execrable
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execrable practices of the Alley; rendering us

tributary to foreigners; and railing the price
of provifions and labour ; and, confequently,

checking population, and loading our trade

and manufactures ; I will only take notice of

the two following evils which attend it.

In the firft place. It muft check the ex-

ertions of the fpirit
of liberty in the kingdom.

The tendency of every government is to de-

fpotifm ; and in this it muft end, if the peo-

ple are not conftantly jealous and watchful.

Oppolition, therefore, and refiftance are often

neceffary. But they ^rnay throw things into

confufion, and occafion the ruin of the public
funds. The apprehenfion of this muft in*

fluence all who have their iritereft connected

with the prefervation of the funds, and in-

cline them always to acquiefcence and fer-

vility.

But further. It expofes us to particular

danger from foreign as well as domejlic ene-

mies, by making us fearful of war, and in-

capable of engaging in it, however necefTary,
without the hazard of bringing on terrible

convulfions by overwhelming public credit.

All thefe are evils which muft increafe

with every increafe of the national debt; and
there is a point at which, when they arrive,

the confequences muft be fatal (#)." I am

(a)
" Either the nation (Mr. Hume fays, Eflays

Vol. II. p. 145,) muft deftroy public credit ;
or public

" credit will deftroy the nation." A dreadful alterna-

tive ! furelv.

M now
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now writing under a conviction, that I am

doing the little in my power to preferve my
country from this danger. I have fhewn, that

an annual fupply of a million and a half for 1 8,

or at mod 20 years, may be made the means

of reftoring and faving us. This, therefore,

is our remedy ; and it ought to be applied

immediately, leaft it fhould not be applied
time enough.

But to proceed to fome further obferva-

tions. .

What has been faid, has all along fup-

pofed a^/fora/and inviolable appl -cation of the

fund I have defcribed, and of all its earnings,
to the purpofe of finking the national debt.

The whole effedl of it depends on its being
allowed to operate, WITHOUT INTERRUP-
TION, a proper time. But it maybe afked,

how this can be fecured ? Or, by what me-
thod an obfeft, that muft be continually

growing more and more tempting, can be

defended againft invaiion and rapine? I

might here mention the fuperintendency and
care of the reprefentatives of the kingdom,
the faithful guardians of the {late, to whom
minifters are refponfible for the ufe they
make of the public money. But experience
has Ihewn, that we cannot rely on this fe-

curity. The difficulty, therefore, now men-
tioned, is the very greateft difficulty the na-

tion
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tion has to ftruggle with in the payment of

its debts.

The finking fund was eftablifhed in the

year 1716, or foon after the acceffion of the

prefent family, at a time when the public
debts, tho' not much more than a third of

what they are now, were thought to be fo

confiderable as to be alarming and danger-
ous. It was intended as a SACRED DEPO-
SIT never to be touched; the law which
eftablifhed it declaring, that it was to be ap-

plied to the payment of the principal and in-

tereft of fuch national debts and incumbran-

ces> as had been incurred before the 25th of

December 1716; and to no other ufet intent or

purpofe whatever. The faith of parliament,

therefore, as Well as the fecurity of the king-
dom, feemed to require, that it mould be

preferved carefully and rigoroufly from alie-

nation. But, notwithstanding this, it has

been generally alienated ; and the produce of

it employed, in helping to defray fuch current

expences as the exigencies of the flate ren-

dered neceffary.
In order to juftify this, it has been ufual

to plead, that when money is wanted, it

makes no difference, whether it is taken from

hence, or procured by making a new loan.

There cannot be a worfe fophifm than

this. The difference between thefe two
methods of procuring money is no lefs than

infinite. For, let us fuppofe, a million want-
ed for any public fervice. If it is borrowed at

M 2 4/>fr
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^per cent, the public will lofe by tbe payment
of intereft 40,000 /. the firft year, and the

fame the fecond year, and the fame for ever

afterwards. But if it is taken out of the

Jinking fund, the public will lofe 40,0 oo/.

the^r/?year; 4i6o/. the/?ttWyear; 8o,ooo/.
the 1 8th year; a million the Sjth year: For
thefe are the fums that would, at thefe times,

have otherwife neceffarily reverted to the

public- It lofes, therefore, the advantage of

paying in 85 years, with money of which
otherwife no ufe could have been made, twen-

ty-five millions of debt. In other words ; by
employing the SINKING FUND, in bearing
current expences, rather than borrowing new

money ; the flate, in order to avoid giving

Jimple intereft for money, is made to alienate

money, that muft have otherwife been im-

proved at compound intereft
-

y and that, in time,

would have neceff'arily increafed to any fum (a) .

Had a faithful ufe been made from the firft,

of only one THIRD of the produce of this

fund, near threefourths of our prefent debts

might now have been difcharged , and, in a

few years more, the whole of them might have

been difcharged (^). Can it be poffible then

(a) The principal obfervations in this Chapter, I have

given juft as they occurred to my thoughts,without know-

ing that any of them had been made by other writers.

Some proposals of a fimilar nature, but very differently re-

prefented, I have fmce found in Mr. Pojllcthwayfs Dictio-

nary, under the articles Public Credit, Debts, Funds, &c.

(b) See a particular explanation and proof of this in

the Queftions following the Tables in the Appendix.

to
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to think, without regret and indignation, of

that mifapplication of this fund, which, with
the confent ofparliaments always complying,
'our minifters have pra&ifed ? I find it dif-

ficult here to fpeak with calmnefs. But I

muft reftrain myfelf. Calculation, and not

cenfure, is my bufinefs in this work. I mufl

believe, that the grievance I have mentioned,
has proceeded more from inattention and

miftake, than from any defign to injure the

public.

M i ESSAY





ESSAY I.
*

Containing Obfervations on the Ex-

pedations of Lives ; the Increafe of
Mankind \ the Number of Inhabi-

tants in LONDON ; and the Influ-
ence ofgreat Towns

^
on Health and

Popidation.

In a LETTER to BENJAMIN FRANKLIN,
Eft-, LL. D. and F. R. S.

DEAR SIR,

IBeg
leave to fubmit to your perufal the

following obfervations. If you think them
of any importance, I mall be obliged to you
for communicating them to the Royal So-

ciety. You will find, that the chief fubje<fl

of them is the prefent ftate of the city of

London, with refpect to healthfulnefs and
number of inhabitants, as far as it can be

collected from the bills of mortality. This
is a fubject that has been confidered by
others; but the proper method of calculating

* This EfTay was read to the ROYAL SOCIETY,
April 2/th, 1769, and has been published in the Philo-

fophical Tranfacrtions, Vol. 59. It is here republifhed
\vith feveral additions ; particularly, the

Pojljcr'iM.M 4 from
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from the bills has not, I think, been fuffici-

ently explained.
No competent judgment can be formed of

the following observations, without a clear

notion of what the writers on Life-Annuities

and Reverfions have called the Expectation of

Life. Perhaps this is not in common pro-

perly underftood; and Mr. De Moivre's man-
ner of exprefiing himfelf about it is very lia-

ble to be miftaken.

The molt obvious fenfe of the expectation
of a given life is,

" That particular number
" of years which a life of a given age has an
"

equal chance of enjoying." This is pro-

perly the time that a perfon may reafonably

expeCt to live ; for the chances agalnft his liv-

ing longer are greater than thole^or it ; and,

therefore, he cannot entertain an expectation
of living longer, confidently with probability.
This period does not coincide with what the

writers on Annuities call the expectation of life,

except on the fuppolition of an uniform de-

creafe in the probabilities of life, as Mr.

Simpfon has obferved in his SeleCt Exercifes,

p. 273. It is necefTary to add, that, even on
this fuppofition, it does not coincide with

what is called the expectation of life, in any
cafe of joint lives. Thus, two lives of 40
have an even chance, according to Mr. De
Moivres hypothec's (a), of continuing to-

gether only 1
34: years. But the expectation

(a) See the Notes in pag. 2, and 23.

of
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of two equal joint lives being (according to

the fame hypothecs) always a third of the

common complement-, it is in this cafe 1 5 \ years.
It is necefTary, therefore, to obferve, that

there is another fenfe of this phrafe, which

ought to be carefully difKnguifhed from that

now mentioned. It may fignify,
" The

" mean continuance of any given ^'#g7<?, joint,
"

orfarviving lives, according to any given
" Table of observations :" that is, the num-
ber of years which, taking them one with

another, they actually enjoy, and may be

confidered as fure of enjoying ; thofe who live

or furvive beyond that period, enjoying as

much more time in proportion to their num-
ber, as thofe TN\VQ fallJhort of it enjoy lefs.

Thus; Suppofing 46 perfons alive, all 40
years of age; and that, according to Mr. De
Moivres bypothe/is, one will die every year
'till they are all dead in 46 years; half 46, or

2 3, will be their expectation of life
: That is;

The number of years enjoyed by them all,

will be juft the fame as if every one of them
had lived 23 years, and then died ; fo that,

fuppoiing no intereft of money, there would
be no difference in value between annuities

payable for life to every iingle perfon in fuch

a fet, and equal annuities payable to another

equal fet of perfons of the fame common age,

fuppofed to be all fure of living juft 23 years
and no more.

In
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In like manner -

y the third of 46 years, or

15 years and 4 months (a), is the expectation
of two joint lives both 40 ; and this is alib

the expectation of the furvivor. That is
-,

fuppofing a fet of marriages between perfons
all 40, they will, one with another, laft juft
this time; and the furvivors will lafl the fame
time. And annuities payable during the con-

tinuance of fuch marriages would, fuppoling
no iiitereft of money, be of exadly the fame
value with annuities to begin at the extinc-

tion of fuch marriages, and to be paid, during
life, to the furvivors. In adding together
the years which any great number of fuch

marriages, and their furvivormips have lafted,

the fums would be found to be equal.
One is naturally led to understand the

expectation of life in the firft of the fenfes

now explained, when, by Mr. Simpfon and

Mr. De Mofare, it is called, the number of
years which, upon an equality of chance, a per-

'fon may expert to enjoy ; or, the time ivhicb a

perfon of a given age mayjuftly expect to continue

in being; and, in the laft fenie, when it is

called, thejkare of life
due to a perfon. But,

as in reality it is always ufed in the laft

of thefe fenfes, the former language Ihould

not be appplied to it : And it is in this laft

fenfe, that it coincides with thefums of the

prefent probabilities, that any given fingle
or joint lives mall attain to the end of the

[a] See Note (L) Appendix.

i
ft,
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ift, 2(3, 3d, &c. moments, from this time to

the end of their poflible exiflence ; or, (in
the cafe of furviorfhips) with the fum of the

probabilities, that there fhall be a furvivor at

the end of the ifl, 2d, 3d, Sec. moments,
from the prefent time to the end of the

poffible exiflence of furvivorfhip. This coin-

cidence every one converfant in thefe fubjedts
mufl lee, upon reflecting, that both thefe

fenfes give the true prefent value of a life-

annuity, fecured by land, without intereft of

money (a).

This period in joint lives, I have obferv-

ed is never the fame with the period which

they have an equal chance of enjoying ; and
in fingle lives, I have obferved, they are the

fame only on the fuppofition of an uniform
decreafe in the probabilities of life. If this

decreafe, inflead of being always uniform, is

accelerated in the lafl flages of life ; the for-

mer period, in fingle lives, will be lefs than

the latter j if retarded, it will be greater.
It is neceffary to add, that the number

exprefTing the former period, multiplied by
the number of fingle or joint lives whofe ex-

pectation it is, added annually to a fociety or

town, gives the whole number living toge-
ther, to which fuch an annual addition

would in time grow. Thus 3 fince 19, or

the third of 57, is the expectation of two

(ft]
See Note (L) in the Appendix.

joint
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joint lives whofe common age is 29, or com-
mon complement 57 j twenty marriages every

year between perfons of this age would, in

57 years, grow to 20 times 19, or 380 mar-

riages always exifting together. The num-
ber ofjitrvivors alfo arifing from thefe mar-

riages, and always living together, would, in

twice 57 years, increafe to the fame number.

And, fince the expectation of a lingle life is

always half its complement; in 57 years like-

wife, 20 lingle perfons aged 29, added annu-

ally to a town, would increafe to 20 times

28.5 or 570 -, and, when arrived at this num-
ber, the deaths every year will juft equal the

acceffions, and no further increafe be poffi-

ble.

It appears from hence, that the particu-
lar

proportion that becomes extinct every

year, out of the whole number conftantly

exifting together of fingle or joint lives,

muft, wherever this number undergoes no

variation, be exactly the fame with the ex-

pectation of thofe lives, at the time when
their exiftence commenced. Thus ; was it

found that a i9th part of all the marriages

among any body of men, whofe numbers do
not vary, are diflblved every year by the

deaths of either the hufband or wife, it

would appear that 19 was, at the time they
were contracted, the expectation of thefe

marriages. In like manner
-,
was it found

in a fociety, limited to a fixed number of

members^
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members, that a 28th part dies annually out

of the whole number of members, it would

appear that 28 was their common expecla-
tion of life at the time they entered. So

likewife ; were it found in any town or di-

ftridl, where the number of births and burials

are equal, that a 2oth or 3Oth part of the

inhabitants die annually, it would appear,
that 20 or 30 was the expectation of a child

juft born in that town or diftricl:. Thefe ex-

peffations, therefore, for all Jingle lives, are

eafily found by a 'Table ofObservations, mew-
ing the number that die annually at all ages,
out of a given number alive at thofe ages; and
the general rule for this purpofe, is

" to divide
" the fum of all the living in the Table, at
" the age whofe expectation is required, and
" at all greater ages, by the fum of all that
" die annually at that age, and above it ; or,
" which is the fame, by the number in the
11 Table of the living at that age; and half
<

unity fubtradted from the quotient will be
" the required expectation (a)

"
Thus, in Dr.

Ha/leys Table, the fum of all the living at

20 and upwards is, 20,724. The number

living at that age is 598 ; and the former

number divided by the latter, and half unity

(a} This rule, and alfo rules for finding in all cafes

the expectations of joint lives and furvivorfhips, may be

deduced with great eafe, by having recourfe to the doc-

trine of fluxions. In this method, Mr. De Moivre fays,
he difcovered them. See Appendix, Note (L), where an

account will be given of thefe deductions, omitted by
Mr. De Mohre.

4 fub-
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(a) fubtra&ed from the quotient, gives 34. 1 5
for the expc&ation of 20. The expectation
of the fame life by Mf. Simpforfs Table,
formed from the bills of mortality of Lon-

don, is 28.9 (<).

Thefe

(a) If we conceive the recruit neceflary to fupply the

wafte of every year to be made always at the end of the

year, the dividend ought to be the medium between the

numbers living at the beginning and the end of the year.
That is, it ought to be taken

/efs
than the fum of the liv-

ing in the Table at and above the given age, by half the

number that die in the yearj the effect of which diminu-

tion will be the fame with the fubtraftion here directed.

The reafon of this fubtraclion will be further explained,
in the beginning of the laft Eflay.

(b) It appears in p. 169 and 170, that the expectations of

Jingle
and joint lives are the fame with the values of annuities

on thefe lives, fuppofing no intereft or improvement of

money. In confidering this fubject, it will, probably,
occur to fome, that, allowing intereft for money, the values

of lives muft be the fame with the values of annuities

certain for a number of years equal to the expectations of
the lives. But care muft be taken not to fall into this

miftake. The latter values are always greater than the

former: And the reafon is, that, tho' a number of fingk
or joint lives of given ages will, among them, enjoy a gi-
ven number of years, yet lomeofthem will enjoy a much
greater^ and fome a much

l?fs
number of years. Thus;

JOO marriages among perlbns, all 29, would, as I have

faid, one with another, exift 19 years ; and an office

bound to pay annuities to fuch marriages during their

continuance, might reckon upon making 19 payments
for each marriage. But then, many of thefe payments
would not be made 'till the end of 30, and fome not 'till

the end of 40 years. And it is apparent, that on account
f the greater value of quick than late payments, when

money bean intereft, 19 payments fo made cannot be

Wcrth as much, a* the fame number of payments macfe

regularly
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Thefe obfervations bring me to the prin-

cipal point which I have had all along in

view. They fuggeft to us an eafy method
of finding the number of inhabitants in a

place, from a T^able of Obfer
t

vatioj2s, or the

bills of mortality for that place, fuppofing the

yearly births and burials equal.
tf Find by

" the Table, in the way juft defcribed, the
"

expectation of an infant juft born, and this,
"

multiplied by the number of yearly births,
" will be the number of inhabitants." At

Brejlaw, according to Dr. Haf/ey's Table,

though half die under 16, and therefore an

infant juft born has an equal chance of liv-

ing only 1 6 years; yet his expectation, found

by the rule I have given, is near 28 years ;

and this, multiplied by 1238 the number
born annually, gives 34,664, the number of

inhabitants. In like manner, it appears from

regularly at the end of every year, 'till in 19 years they
are all made.
This obfervation might be employed, to demonftrate

further, the error of thofe who have maintained, that the

value of a given life is the fame, with the value of an annu-

ity certain, for as many years as the life has an equal chance
of exifting. Were this true, an annuity on a life, fuppofed
to be expofed to fuch danger in a particular year, as to

create an equal chance, whether it will not fail that year,

would, at the beginning of the year, be worth nothing,

though fuppofed to be fure of continuing for ever, if it

efcaped that danger.But there can be no occafion for tak-

ing notice of an opinion, which has been embraced only
by perfons ignorant of mathematics, and plainly unac-

quainted with the genuine principles of calculation on
this fubject. See a Pamphlet on Life-Annuities by JVey-
rnen Lee, E{q; of the Inner Timple.

Mr.
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Mr. Simpfon's Table, that, though an infant

juft born in London has not an equal chance

of living 3 years, his expectation is 20 years j

and this number, multiplied by the yearly

births, would give the number of inhabitants

in London^ were the births and burials equal.
The medium of the yearly births, for 10

years, from 17^9 to 1768, was 15,710. This
number multiplied by 20, is 314,200; which
is the number of inhabitants that there would
be in London, according to the bills, were
the yearly burials no more than equal to the

births : that is, were it to fupport itfelf in its

number of inhabitants, without any fupply
from the country. But for the period I have

mentioned, the burials were, at an average,

22,956, and exceeded the chriftenings 7,246.
This is, therefore, at prefent, the yearly ad-

dition of people to London from other parts
of the kingdom, by whom it is kept up.

Suppofe them to be all, one with another,

perfons who have, when they remove to Lon-

don, an expectation of life equal to 30 years.
That is ; fuppofe them to be all of the age
of 1 8 or 20, a fuppofition certainly far be-

yond the truth. From hence will arife, ac-

cording to what has been before obferved, an

addition of 30 multiplied by 7.246 ; that is,

217,380 inhabitants. This number, added

to the former, makes 531,580; and this, I

think, at moft, would be the number of in-

habitants in London were the bills perfect.
But
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But it is certain, that they give the number
of births and burials too little. There are

many burying-places that are never brought
into the bills. Many alib emigrate to the

navy and army and country ; and thefe ought
to be added to the number of deaths. What
the deficiencies arifing from hence are, can-

not be determined. Suppofe them equiva-
lent to 6000 every year in the births, and

6000 in the burials. This would make an

addition of 20 time's 6000, or 1 20,000, to the

laft number; and 'the whole number of in-

habitants would be 651,580. If the burials

are deficient only two-thirds of this number,
or 4000; and the births, the whole of it;

20 multiplied by 6000, mutt be added to

314,290, on account of the defects in the

births-: And, fince the excefs of the burials

above the births will then be only 5,2463

30 multiplied by 5,246 or 157,380, will be
the number to be added on this account;
and the Aim, or number of inhabitants, will

be 59 i ,5&o>*-But if, on the contrary, the bu-
rials are deficient 6000, and the births only
4000; 80,000 mull be added to 314,290,
on account of the deficiencies in the births ;

and 30 multiplied by 9,246, or 277,380, on
account of the excels of the burials above the

births ; and the whole number of inhabitants
will be 671,580.

Every fuppofition in thefe calculations

is too high. Emigrants from London are, in

N par*
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particular, allowed the fame expectation of

continuance in London with thofe who are

born in it, or who come to it in the firmeft

part of life, and never afterwards leave it;

whereas it is not credible that the former

expeSiation fhould be fo much as half the lat-

ter. But I have a further reafon for think-

ing that this calculation gives too high num-
bers, which has with me irrefiftible weight.
It has been feen, that the number of inha-

bitants comes out lefs on the fuppofition,
that the defects in the chriftenings are greater
than thofe in the burials. Now it feems evi-

dent that this is really the cafe j and, as it is

a fact not attended to, I will here endeavour

to explain diftinctly the reafon which proves
it.

The proportion of the number of births in

London^ to the number who live to be 10

years of age, is, by the bills, 16 to 5. Any
one may find this to be true, by fubtradting
the annual medium of thofe who have died

under 10, for ibme years part, from the an-

nual medium of births for the fame number
of years. Now, tho', without doubt, Lon-

don is very fatal to children, yet it feems in-

credible that it mould be fo fatal as this im-

plies.
The bills, therefore, probably, give the

number of thofe who die under 10 too great
in proportion to the number of births ; and

there can be no other caufe of this, than a

greater deficiency in the births than in the

burials,,



the State of London, Population, &c. 179

burials. Were the deficiencies in both equal ;

that is, were the burials, in proportion to

their number, juft as deficient as the births

are in proportion to their number, the pro-

portion of thofe who reach 10 years of age
to the number born, would be right in the

bills, let the deficiencies themfelves be ever

fo confiderable. On the contrary; were the

deficiencies in the burials greater than in the

births, this proportion would be given too

great; and it is only when the former are

leaft, that this proportion can be given too

little. Thus ; let the number of annual

burials be 23,000; of births 15,700; and
the number dying annually under 10,

jo, 800. Then 4,900 will reach 10, of

15,700 born annually; that is, 5 out of 16.

Were there no deficiencies in the burials,

and were it fact that only half the number
born die under 10; it would follow, that

there was an annual deficiency equal to 4,900
fubtracled from 10,800, or 5,900, in the

births. Were the births a third part too lit-

tle, and the burials alfo a third part too little,

the true number of births, burials, and of chil-

dren dying under 10, would be 20,93330,666,
and 14,400; and, therefore, the number that

would live to 10 years of age, would be 6,533
out of 20,933, or 5 of 1 6 as before. Were
the birth 1

? a third part, and the burials fo much
as two-fifths wrong, the number of births,

burials, and children dying under 10 would
N 2 be
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be 20,933 32,200 and 15,120.
therefore, the number that would live to 10

would be 5,813 out of 20,933, or five out

of 18. Were the births a 3d part wrong,
and the burials but a 6th, the foregoing num-
bers would be 20,933 26,833 12,600;

and, therefore, the number that would live

to 10 would be 8,333 out of 20,933, or 5
out of 12.56: And this proportion feems

as low as is confiftent with probability. It

is fomewhat lefa than the .proportion in

Mr. Simpfons Table of London Obfervations *,

and much lefs than the proportion in the

Table of Obfervations for Bre/Iaw. The de-

ficiencies, therefore, in the births muft be

greater than thofe in the burials (a); and the

leaft number I have given, or 591,580 is

neareft to the true ^number of inhabitants.

However, mould any one, after all, think that

it is not improbable that only 5 of 16 mould
live in London to be 10 years of age; or that

above tivo-tbirds die under this age ; the con-

lequence will flill be, that the foregoing cal-

(a] One obvious reafon of this fat is, that none of the

births among Jews, Quakers, Papifts, and the three deno-

minations of Diffenters are included in the bills, whereas

many of their burials are. It is further to be attended to,

that the abortive and ftill-born, amounting to about 6co

annually, are included in the burials, but never in the

births. If we add shefe to the chriftenings, preferving
the burials the fame, the proportion of the born, accord-

ing to the bills, who have reached tea for the Jaft fixteea

years, will be very nearly one third inftead of five fix-
/, tntbs.

cu'ation



tie State of London, Population, -&c. ifh

culation has been carried too high . For it will

from hence folloiv, that the expectation of a

child juft born in London cannot be fo much
as I have taken it. This expectation is 20, on
the fuppofition that half die under 3 years of

age, and that 5 of 16 live to be 29 years of

age, agreeably to Mr. Simpfon's Table. But
if it is indeed true, that half die under 2

years of age, and 5 of 16 under 10, agree-

ably to the bills9 this expectation cannot be fo

much as 17 (a] -,
and all the numbers before

given will be confiderably reduced.

Upon the whole : I am forced to con-

clude from thefe obfervations, that the fe-

cond number I have given, or 651,580,

though fhort of the number of inhabitants

commonly fuppofed in London, is, very pro-

bably, much greater, but cannot be
lefs,

than the true number. Indeed, it is in ge-
neral evident, that in cafes of this kind num-
bers are very much over-rated. The inge-
nious Dr. Brakenridge , 14 years ago, when
the bills were lower than they are now,
from the number of houfes, and allowing
fix to a houfe, made the number of inhabi-

tants 751,800. But his method of deter-

mining the (b) number of houfes is too pre-
carious;

(a] This may be deduced from the obfervations in the

iaft EfTay; and it will be there proved, that, in reality,

t.hiy expectation does not exceed 18.

(b) Vid. Phil. Tranfadions, Vol. XLVIII, p. 788.

In a paper fubfequent to this, Dr. Brakenridge tells uSj-

N 3 that
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carious ; and, befides, fix to a houfe is too

large an allowance. Many families novy
have two houfes to live in. The magiftrates
of Norwich, in 1752, took an exadt account

of both the number of houfes and indivi-

duals in that city, (a) The number of

houfes

that in a late furvey it appeared, that in all Middlefex,
London* IVejlminfter^ and Southwark* there were 87,614
houfes, of which 19,324 were cottages, and 4810 empty.
And he acknowledges, that this, if right, proves London

to be much lefs populous than he had made it. See

Phil. Tranf. Vol. 50, p. 471. He does not mention how
this furvey was taken ; but moft probably it muft have

been incorrect. Mr. Maitland gives two accounts of the

number of houfes within the bills. One carefully taken

from the books of all the parifhes an'd precincts belong-

ing to London \ and another taken from a particular fur-

vey in 1/37, made by himfelf with incredible pains. The
firft account makes the number of houfes 85,805. The
fecond account makes it 95,968. And the reafon of the

difference he obferves, is, that many landlords of fmall

places, paying all taxes, they are in the parifh books

reckoned as fo many fingle houfes, tho' each of them
contain feveral houfes. See Mr. Maitland's Hiftory of

London, 2d Book at the end. 7'his, perhaps, may be alfo

the reafon of the deficiencies which, I fuppofe, there muft

te in the furvey, mentioned by Dr. Brakenridge. It will

be obferved prelently, that the number of inhabitants in

Lcndon in 1737, was eonfiderably greater than it is now.

(a) Vid. Gentleman's Magazine for 1752, and Dr.

Short's Comparative Hijlory of the Increase of Mankind^ p. 38.
In page 58 of this laft work the author fays, that, in or-

der to be fully fatisfied about the number of perfons to

be allowed to a family, he procured the true number of

families and individuals in 14 market towns, fome of

them confiderable for trade and populoufnefs ; and that

in them were 20,371 families, and 97,611 individuals,

or
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houfes was 7,139, and of individuals 36,169,
which gives nearly 5 to a houfe. Ano-

ther

or but little more than 4^ to a family. He adds, that, in

order to find the difference in this refpect between towns
of trade and country parifties, he procured, from divers

parts of the kingdom, the exa& number of families and

individuals, in 65 country parifhes. The number of fa-
milies was 17,208; individuals 76,284; or not quite 4!
to a family. In the place I have juft referred to, in the

Gentleman's Magazine, there is an account of the num-
ber of houfes and inhabitants in Oxford, exclufive of the

colleges; and in fflolverhampton,Coventry and Birminghamy

for 1750. The number of perfons to a houfe was, by
this account, 4 in the two former towns, and 54. in the

two latter. Dr.Dawnant, from Mr. King's Obfervations,

gives 4^3-, as the number of perfons to a family for the

whole kingdom. See An EJJay on the probable method of
making a people gainers by the balance of trade. From an
account with which a friend at Shrewjbury has favoured

me, it appears, that in that town, in 1750, the number
of inhabitants to a

bottfe
was

4^-. Very exact accounts,
of which I (hall take further notice, prove, that in the

parifh of Holy-Grafs* one of the fuburbs of Shrew/bury,
and at Northampton, the fame proportion is 4! to a

houfe in the former; and 4! in the latter. It feems,

therefore, that five perfons to a houfe is an allowance

large enough for London, and too large for England in

general. From whence it will follow, that Dr. Braken-

ridge has likewife over-rated the number of people in

England. In a letter to George Leivis Scott, Efq; publifli-

ed in 1756, in the Phil. Tranf. Vol. 49, p. 877 ; he fays,
that he had been certainly informed, that the number of

houfes rated to the window- tax was 690,000. The
number of cottages not rated, he adds, was not accu-

rately known ;
but from the accounts given in, it appear-

ed, that they could not exceed 200,000 ;
and from thefe

data, in confequence of allowing fix to a houfe, he makes
the number of people in England' \.o be 5,340,000. Per-

haps the number of houfes in this account is too little.

N 4 Suppofe
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ther method which Dr. Brakenridge took to

determine the number of inhabitants in Lori*-

don was from the annual number of burials,

adding 2000 to the bills for qmiffions, and

fuppofing a 3oth part to die every year. In

order to prove this to be a moderate fuppo-
fition he obferves that, according to Dr.

Ha//ey's Obfervations, a 34th part die every

year at Brejlaw. But this observation was
made too inadvertently. The number of

annual burials there, according to Dr. Hal-

leys account, was 1174, and the number of

inhabitants, as deduced by him from his

Table, was 34,000; and therefore a 291)1

part died every year. Befides ; any "one

may find, that in reality the Table is con-

ftrurfted on the fuppoiition, that the whole

number born, or 1238, die every year; from
whence it will follow that a 2 8th part died

every year, (a) Dr. Brakenridge, therefore,

had

Suppofe it a million ; and let five be allowed to a houfe ;

and the number of people in England will be five milli-

ons: Which, fince five to a houfe is too large an allow-

ance, ought to be confidered as, probably, more than the

true number. The number of people in Scotland anijl

Ireland, Dr. Brakenridge eftimates at three millions. See

Phil. Tranf. Vol. 50, p. 473.

(a] Care {hould be taken, in confidering Dr. Halley's

Table, not to take the firft number in it, or 1000, for fo

many juft born. 1238, he tells us, was the annual me-
dium of births, and icco is the number he fuppofes all

living at one year and under. It was inattention to this

that led Dr. Brakenridge to his miftake.

It



tie State ofLondon, Population^ Sec. 185

had he attended to this, would have ftated

a 24th part as the proportion that dies in

London every year, and this would have taken

off 150,000 from the number he has given.
But even this muft be lefs than the juft pro-

portion. For let three-fourths of all who
either die in London or migrate from it, be

fuch as have been born in London-, and let

the reft be perfons who have removed to

London from the country, or from foreign
nations. The expectation of the former, it

has been (hewn, cannot exceed 20 years; and

30 years have been allowed to the latter.

One with another, then, they will have an

expectation of 22! years. That is ; one of

224 will die every year, (a) And, confe-

quently,

It will be (hewn in the 4th Eflay, that the number of
the living, under 20, is given too high in this Table

;

and from hence it will follow, that more than a 28th

part of the inhabitants die at Brejlaw annually.

(a] The whole number of inhabitants in Rome in 1743,
was 147,476, and the annual medium of burials for three

years, from 1741 to 1743, was 6338. A 23d part, there-

fore, died every year. See a Treatife in German, on the

different decrees of human mortality in different fitua-

tions, by Sitjmi/cb, firft counfellor of his Prujjlan Majefty's

Confiitory, and member of the Royal Academy of fciences

at Berlin, p. 15.
In 1761, the whole number of inhabitants in the fame

town, was 157,452. The annual medium of births, for

three years, from 1759 to 1761, was 5167 ; and of bu-

rials 7 153- One in 22, therefore, died annually. See

Dr. Short's Comparative Hi/iory of the Increafe and Decreafe

'if
Mankind in England andfeveral Countries abroad, p.|59,

60.
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quently, fuppofing the annual recruit from
the country to be 7000, the number of

births

60. In 1752, the accurate and diligent Mr. Struyk^ took

particular pains to determine the number of inhabitants

in Amjlerdam ; and the refult of his enquiry was, that

very probably it did not amount to 200,000. The an-

nual medium of burials for fix years, from 1747 to 1752,
was 8247. One in 24, therefore, died annually. See

Sufmilcb ibid. At
Amjlerdam^

there is a great number of

Jews, and their burials are not included in the bills.

There muft, I fuppofe, be other deficiencies, and an al-

lowance for thefe would, I doubt not, increafe the pro-

portion of inhabitants, who die annually, to one in 21
or 22. At Dublin^ in the year 1695, the number of in-

habitants was found, by an exal furvey, to be 40,508,

(feePhilof. Tranfac"tions, N26i). I find no account
of the annual burials juit at that time; but from 1661
to 1 68 1, the medium had been 1613; and from 1715 to

1728 it was 2123. There can, therefore, be no mate-

rial error in fuppofing that, in 1695, it was 1 800 ; and this

makes i in 22 to die annually. In 1745 the number of

families in the fame city appeared, by an exa<3: account

laid before the Lord Mayor, to be 9,214. It is highly

probable this number of families did not confift of fo

many as 45,000 individuals. Suppofe them, however,

50,000; and, as at this time the medium of annual burials

appears to have been 2,360, i in 21 died annually: fee Dr.
Shores Comparative Hoflory , p. 15, and New Observations,

p. 228. Thefe facts prove that I have been very mode-
rate in making only i in 22-, including emigrants, to

die in London annually. In 1631 the number of people
in the

city and liberties of London was taken, by order of

the Privy Council, and found to be 130,178. This ac-

count was taken five years after a plague that had fwept
off near a quarter of the inhabitants ; and when, there-

fore, the town being full of recruits in the vigour of life,

the medium of annual burials muft have been lower than

ufual, and the births higher. Could, therefore, the me-

dium
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births 3 times 7000 or 21,000, and the bu-

rials and migrations 28,000 (which are all

high fuppofitions), the number of inhabi-

tants will be, 224: multiplied by 28,000, or

630,000.
I will juft mention here one other in-

ftance of exaggeration on the prefent fub-

jeft.

dium of annual burials at that time, within the walls,
and in the 16 parifhes without the walls, be fettled, ex-
clufive of thofe who died in fuch parts of the 16 parifhes
without the walls, as are not in the liberties, the propor-
tion dying annually obtained from hence might be de-

pended on, as lefs than the common and juft proportion.
But this medium cannot be difcovered with any accuracy.
Graunt eftimates that two-thirds of thefe 16 parifhes are

within the liberties ; and, if this is right, the medium of
annual burials in the city and liberties in 1631, was 5,500,
and i in 23! died annually ; or, making a frnall allow-

ance for deficiencies in the bills, I in 22. Mr. Mait-

land, in his Hiftory of London, Vol. II. p. 744, by a la-

borious, but too unfatisfa6lory, inveftigation, reduces this

proportion to i in 24- ; and on the fuppofitions, that

this is the true proportion dying annually, at all times , in

London, and that the deficiencies in the burials (includ-

ing the burials in Marybone and Pancrafs pariflies) amount
to 3,038 annually j he determines, that the number of in-

habitants within the bills was 725,903, in the year 1737*
The number of burials not brought to account in the

bills is, probably, now much greater than either Dr.

Erakenridge or Mr. Maitland fuppofe it. I have reck-

oned it fo high as 6000, in order to include emigrants,
and alfo to be more fure of not falling below the truth.

Jt will appear in the laft Eflay, with an evidence little

fhort of demonftration, that, at leaft, i in 2O-| die an-

nually in London, and that, confequently, the number of

inhabitants, if the omiflions in the burials are 6000,

pnnot exceed 601,750.

Mr.
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Mr. Corbyn Morris, in his ufeful Qbferva-
tlcns on the pcijl growth and prefentJiate of the

city of London, publilhed in 1751, fuppofes
that no more than a 6oth part of the inhabi-

tants of London, who are above 20, die every

year, and from hence he concludes that the

number of inhabitants was near a million. In

this fuppofition there was an error of at leaft

one half. According to Dr. Hallefs Table,
it has been (hewn, that a 34th part of all at

20 and upwards, die every year at Breflaiv.
In London, a 2pth part, according to Mr.

Simpfons Table, and alfo according to all

other Tables of London Obfervations. And
in Scotland it has been found for many years,

that, of 974 minifters and profefTors whofe

ages are 27 and upwards, a 33d part have

died every year. Had, therefore, Mr. Morris
ilated a 3Oth part of all above 20 as dying

annually in London, he would have gone be-

yond the truth, and his conclusion would
have been 400,000 lefs than it is.

Dr. Brakenridge obferved, that the num-
ber of inhabitants, at the time he calculat-

ed, was 127,000 lefs than it had been. The
bills have lately advanced a little, but ftill

they are much below what they were from

1717.10 1743. The medium of the annual

births, for 20 years, from 1716 to 1736, was
j 8,000, and of burials 26,529 -, and, by cal-

culating from hence on all the fame fuppo-
iitions with thofe which made 651,580 tq
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be the prefent number of inhabitants in Lon-

don, it will be found that the number then
was 73^5,840, or 84,260 greater than the

number at prefent. London, therefore, for

the laft 30 years, has been decreafing; and

though now it is increafing again, yet there

is reafon to think that the additions lately
made to the number of buildings round it,

are owing, chiefly to the increafe of luxury,
and the inhabitants requiring more room to

live upon (a}.

It mould be remembered, that the num-
ber of inhabitants in London is now fo much
lefs as I have made it, than it was 40 years

(a] The medium of annual burials in the 97 parifhea
within the walls was,

From 1655 to 1664, 3264
From 1680 to 1690, 3139
From 1730 to 1740, 2316
From 1758 to 1768, 1620

This account proves, that though, fince 1655, London
has doubled its inhabitants, yet, within the walls, they
have decreafed ; and fo rapidly for the laft 30 years as to

be now reduced to one half. The like may be obferved

of the 17 parimes immediately without the walls. Since

1730, thefe parimes have been decreafing fo faft, that

the annual burials in them have funk from 8,672 to 5,432,
and are now lower than they were before the year 1660.
In H'eflminfter, on the contrary, and the 23 out-parifhes
in Middlesex and Surrey, the annual burials have fince 1660,
advanced from about 4000 to 16,000. Thefe fads

prove, that the inhabitants of London are now much lefs

crowded together than they were. It appears, in parti-

cular, that within the watts'the inhabitants take as much'
room to live upon as double their number did formerly.
The very fame conclufions may be drawn from an exa-

mination of the chrijfcmngs.

ago,
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ago, on the fuppofition, that the proportion
of the omiffions in the births to thofe in the

burials, was the fame then that it is now*
But it appears that this is not the fad. From

1728, (the year when the ages of the dead

were firft given in the^/7/r) to 1742, near five-

iixths of thofe who were born died under 10,

according to the bills. From 1742 to 1752
three quarters: And ever fince 1752, this

proportion has flood nearly as it is now, or

at fomewhat more than two-thirds. The
omiffions in the births, therefore, compared
with thofe in the burials, were greater former-

ly -,
and this muft render the difference be-

tween the number of inhabitants now and

formerly lefs confiderable th.an it may feem

to be from the face of the bills. One rea-

fon, why the proportion of the amounts of

the births and burials in the bills, comes now
nearer than it did, to the true proportion,

may, perhaps, be, that the number of DifTen-

ters is leffened. The Foundling Hofpital
alfo may have contributed a little to this

event, by leflening the number given in the

bills as having died under 10, without tak-

ing off any from the births-, for all that

die in this hofpital are buried at Pancrafs
church, which is not within the bills. See

the preface to a collection of the yearly bills

of mortality from 1657 to 1758 inclufive,

P- J 5-

I will
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I will add, that it is probable that London
is now become lefs fatal to children than it

was; and that this is a further circumftance

which mud reduce the difference I have
mentioned ; and which is likewife neceffary
to be joined to the greater deficiencies in the

births, in order to account for the very fmall

proportion of children who furvived i o years
of age, during the two firft of the periods I

have fpecified. Since 1752, London has been
thrown more open. The cufiom of keep-
ing country-houfes^ and of fending children

to be nurfed in the country, has prevailed
more. But, particularly, the deftructive ufe

fpirituous liquors among the poor has been

checked.

I have fhewn that in London^ even in its

prefent {late, and according to the moft mo-
derate computation, half the number born
die under three years of age. But it appears
from Grannfs (a) accurate account of the

births, weddings, and burials in three coun-

try parifhes for 90 years; and alfo, from Dr.

Sborfs collection of obfervations in his Com-

parative Hi/lory, and his treatife entitled,

New Obfervations on Town and Country Bills

(a) See Natural and Political Obfervations on the Bills of

Mortality, by Capt. John Graunt, F. R. S. See alfo Mr.
Derbam's Phi/ico-Theology, p. 174, where it appears, that

in the parifh of Aynho in Nortkamptanjhire^ tho' the births

had been, for 118 years, to the marriages as 6 to I j yet
the buriah had been to the marriages only as 3^ to I.

f
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of Mortality, that in country villages and

parishes, the major part live to mature age,
and even to marry.

In the parifli of Hofy-Crofs (a), in Salop*
it appears from a curious regifter, which has

been kept by the Rev. Mr. Gorfucb, the vi-

car, that of 655 who have died there at all

ages for the lait 20 years, 321, or near one

half, have lived to 30 years of age : And, by

forming a Table ot Obfervations from this

(a] This parifli contains in it a village which is a part
of the fuburbs of Sbreivjbury. It confifts of 1400 acres

of arable and pafture land ; befides 300 acres taken up

by houfes and gardens. Jt is fix miles rn circumference ;

half of which lies along the banks of the river Severn.

I mention thefe particulars to fhew, that it may be reck-

oned a country parifh ; tho', perhaps, not perfectly fo, oil

account of its nearnefs to Shrewjbury. The chriftenings
in it exceed the burials a little ; and the number of in-

habitants (moftl'y labouring people) has, for the laft 20

years, kept neajly to 1050, without any confiderable in-

creafe. The regifter of this parifh, from 1/50 to 1760,
has been publifhed iathe 52d volume of the Philofophical

Tranfufticnsy Part I. Art. 25. And a continuation of it

from 1760 to 1770, has been lately communicated and
read to the Royal Society. It is to be wiflied, that more
luch accounts, fpecifying, as this does, the males and
females dying at all ages, were kept in different fituations

in the country. This is the only one that I have ever

heard of. It is kept with particular care and accuracy

by Mr. Gorfuch ? and furnifhes very ufeful data for deter-

n.ining the difference in value between town and coun-

try lives. It defcrves to be mentioned particularly, that

noforeigners orjlrargers^ who happen to die in this parifh,
c-r who may be brought into rt to be buried, are entered

into the regifter : Nor are any of the fixed inhabitants

omitted, tho' carried cut to be buried.

3 regifter,
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regifler, in the manner which will be de-

fcribed in the laft EfTay, I find that a child

jufl born in this parim. has an expectation of

33 years; and that in general, under the age
of 50, the expectations of lives here exceed

thole in London, in the proportion of about

4 to 3. So great is the difference,efpecially
to children, between living in great towns
and in the country. But nothing can place
this observation in a more finking light, than

the account given by Dr. Thomas Heberden*
and published in the Philofophical Tranf-

aclions (vol. LVII. p. 461), of the increafe
and mortality of the inhabitants of the ijland of
Madeira. In this ifland, it feems, the wed-

dings have been to the births, for 8 years,
from 1759 to 1766, as 10 to 46.8; and to

the burials, as 10 to 27.5. Double thefe

proportions, therefore, or the proportion of

20 to 46.8, and of 20 to 27.5, are the pro-

portions of the number marrying annually,
to the number born and the number dying.
Let i marriage in 10 be a 2d or 3d mar-

riage on the fide of either the man or the

woman; and 10 marriages will imply 19
individuals who have grown up to maturity,
and lived to marry once or oftener j and the

proportion of the number marrying annually
the firft time, to the number dying annually,
will be 19 to 27.5, or near 3 to 4. It may
ieem to follow from hence, that in this ifland

near three-fourths of thole who die have

O teen
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been married ; and, confequently, that not

many more than a quarter of the inhabi-

tants die in childhood and celibacy ; and

this would be a jult conclufion were
there no increafe, or had the births and bu-

rials been equal. But it mull be remem-
bered, that the general effect of an increafe

while it is going on in a country, is to ren-

der the proportion of perfons marrying an-

nually, to the annual deaths, greater, and to-

the annual births Iefs> than the true propor-
tion marrying, out of any given number
born. This proportion generally lies be-

tween the other two proportions, but always
neareft to the firft (a) ; and,, in the prefent

caie,

(a) In a country where there is no increafe or de-

crcafe of the inhabitants, and where alfo life, in its firft

periods, is fo ftahle, and marriage fo much encouraged,.
as that half c<~ all who are born live to be married, the<?-

nual births and burials irmft be equal, and ailb quadruple
the number of weddings, after allowing for 2d and 3d

marriages. Suppofe in thefe circurrP,a;iccs (every thing
elfe remaining the Came) the probabiliti^ of life , during its

Tirft ftages, to be improved. In this cafe, more than half
the born will live to be married, and an increafe will take

pbce. The births will exceed the burials, and both fajl

-below quadruple the weddings ; or, which ii the fame,
below double the number annually married". Suppofe
next (the'probabilities of life ami the enfoura^riwiit to mar

e lameriage remaining the lame) the prolifckiui* only of the

marriages to be improved. In this cafe it is plain, that

an increafe alfo will take place ; but the arwualbirths and

burLls, in 'lead of being lefs, will now both rife above

;/!/V
the weddings ; and therefore the proportion of

the bom to that part of the born who marry (bcinj* by
itippofition two to one} \vi!!-bs lefs than the proportion

of
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afe, it is fufficiently evident that it cannot
be much lefs than two- thirds.

In

of either the annual births or the annual burials, to the
number marrying annually. Suppofe again (the encourage-
ment to marriage remaining the fame) that the pliabilities

of life
and the

prolijicknefs ofmarriages are both improved;
]n this cafe, a more rapid increase will take place, or a

greater excels of the births above the burials ; but at the

fame time they will keep nearer to quadruple the wed-

dings, than if the latter caufe only had operated, and

.produced the fame increafe. I (hould be too minute and

tedious, were I to explain thefe obfervations at large. Jt

follows from them, that, in every country or ficuatiort

where, for a courfe of years, the burials have been either

equal tc or
lefs

than the births, and both under quadruple
the marriages ; and alfo thatj wherever the burials are

iefi
than quadruple the annual marriages, and at the fame:

tune the births greater, there the major part of all that

are born live to marry. In the imlance which I have
confidered above, and which occafions this note, the an-

nual births are fo much greater than quadruple the marri-

ages, and at the fame time the annual burials fa much

lefs,
that the proportion that live to marry of thofe who

are born, can fcarcely be much lefs than I have faid j or

two-thirds.

I have (hewn how the allowance is to be made for 2cl

and 3d marriages ;
but it is not fo conliderabie as to be

of any particular confequence ; and, befides, it is, in

part, compenfated by the natural children which are in-

cluded in the births, and which raife the proportion of

the biithstothe weddings higher than it oiyjht to be$
and therefore bring it nearer to the true proportion of the

number born annually, to thofe who marry annually, af-

ter deducting tbofe who marry a 2d or 3d time.

in drawing concluiigns from the proportion of annual

births and burials, in different fu nations, fome writers

on the increafe of mankind, have not given due attention^

to the difference in thefe proportions, anting
from ths

O a
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In London, then, half die under three

years of age; and in Madeira about two-

thirds of all who are born live to be married.

Agreeable to this, it appears alfo from the

account I have referred to, that the expefta-
tion of a child juft.born in Madeira is about

39 years ; or double the expectation of a

child juft born in London. For the number
of inhabitants was found, by a furvey made
in the beginning of the year 1767, to be

64,614. The annual medium of burials

had been, for eight years, 12935 of births

220 1. The number of inhabitants, divided

by the annual medium of burials, gives

49.89 ; or the expectation nearly of a child

juft born, fuppoling the births had been

1293, and conftantly equal to the burials*

the number of inhabitants remaining the

fame. And the fame number, divided by
the annual medium of births, gives 29-3$ >

or the expectation of a child juft born, fup-

pofing the burials 2201, the number of births

different ci re urnfiances of increafe or decreafe among a

people. One inftance of this I have now mentioned ;

and one further inftance of it is necefiary to be mentioned.
The proportion of annual births to weddings has been
confidered as giving the true number of children derived

from each marriage, taking all marriages one with ano-
ther. But this is true only when, for many years, the

births and burials have kept nearly equal. Where
there is an excefs of the births occafioning an increafe,

the proportion of annual births to weddings muft be lefs

than the proportion of children derived from each mar-

rrage and the contrary muft take place where there is a

decreafe.

and
.UOV ,
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and of inhabitants remaining the fame. And
the true expectation of life mud be fome-
where near the mean between 49.89 and
2 9-35-

Again : A 5oth part of the inhabitants of

Madeira* it appears, die annually. In Lon-

don, I have fhewn, that above twice this

proportion dies annually. In fmaller towns
a fmaller proportion dies; and the births alfo

come nearer to the burials. In general; there

feems reafon to thing that in towns (allow-

ing for particular advantages of fituation,

trade, police, cleanlinefs, and opennefs,
which ibme towns may have,) the excefs of

the burials above the births, and the annual

deaths are more or lefs as the towns are

greater or fmaller. In London itfelf, about

160 years ago, when it was fcarcely a fourth

of its prefent bulk, the births were much
nearer to the burials, than they are now.
But in country parimes and villages the births

almoft always exceed the burials; and I be-

lieve it feldom happens that fo many as a

30th, or more than a 4oth part of the in-

habitants, die annually (a]. In the four

provinces

(a] In the year 1733, a furvey was taken of the in-

habitants of the parifti of Stcke-Damerel in Devon/hire,
and the number of men, women, and children was found

to be 3361. The chri/lenlvg* for the year were 122

the weddings 28 burials 62. No more, therefore, "than

the 54th part of the inhabitants died in the year. In part
of this year an epidemical fever prevailed in the parifh.

See Manyn's Abridgment of the Phihf, Tranfafijons, vol.

O 3 IX,
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provinces of Ne-w-Rngland there is a very

rapid increafe of the inhabitants ; but, not-

witbfbnding this, at Bo/lon, the capital, the

inhabitants would decreafe were there no

fupply from the country : for, if the account

I have feen is juft, from 1731 to 1762, the

burials all along exceeded the births (a).

80 remarkably do towns, in confequence of

their unfavourablenefs to health, and the

IX. p. 32 5,-r-Accord ing to Qraunt's account of a
parifh,

in Hutnpjhire) not reckoned, he fays, remarkably health-

ful, a 5otn part of the inhabitants had died annually for

90 years. A"atural and political Obfervathns, fcft. Chap,
xii.

In 1098 country parifhes, mentioned by Svfmileh^ the

Annual average of deaths, for fix years, ending in 1749,
was 5255. The number of inhabitants was 225,357.
One, therefore, in 43 died annually.- In ic6 other

parifhes, mentioned by him, this proportion was i in 50.
in the Dukedom of JJ^urtember^

the inhabitants, he

lays, are numbered every year; and from the average of

five years, ending in 1754, it appeared that, taking the

towns and country together, i in 32 died annually.
In another province, which he mentions, confifting of

635,998 inhabitants, j in 33 died annually. From thefe

fadts he concludes, that, taking a whole country in
gt'ofs t

jn;luding ail cities and villages, mankind enjoy among
them abi'iit 32 or 33 years each of exiftence. And this,

very probably, may not be far from the truth in the pre-
ient itate of moft of the kingdoms of Europe. And it will

follow, that a child born in a country parifh or village,

ha.s, st leafr, an expectation of 36 or 37 years; fuppoling
the proportion of country to toivn inhabitants to be as

3'-'-

to i ; which, I think, this ingenious writer's oblervatiop.3

prove to be nearly the cafe in panurania^ Bnmdenlurgh^
:id (on<e other kingdoms.
(a) See a particular account of the births and burials

in this town rr-jm 17^1 co 1752 in ths Gti&mn s A'h-

^r/?/6Vfyi 1753, p- 4 '3

4 luxury
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luxury which generally prevails in them,
check the increase of countries.

Healthful-nefs and Prolificknefs are, pro-

bably, caules of increale ieldom Separated.
In. conformity to this obfervation, it appears
from comparing the births and weddings,
in countries and towns where regifters of

them have been kept, that in the former,

marriages, one with another, fddom produce
lefs than four children each ; generally be-

tween four and five, and fometimes above

five. But in towns ieldom above four ; ge-

nerally between three and four; and fome-
times under three (a).

I have fometimes heard the great num-
ber of old people in London mentioned,
to prove its favourablenefs to health and

long life. But no obfervation'can be more
erroneous. There ought, in reality, to be

more old people in London, in proportion to

the number of inhabitants, than in any
fmaller towns ; becaufe at lead one quarter
of its inhabitants are perfons who come in-

{<?) Any one-may fee what evidence there is for thi%

by confiihing Dr. Short's two books already quored, and

the Abridgment of the PhilcfiphiccJ Tranfaftions^ vol. VII.

part iv. p. 46, andGVv7?/r's account already quoted, of the

births, weddings and burials in three country parifhes tor

gcyrars; compared with funilar accounts in towns. lit

coniiik-ring thel'e accounts, it fliould not be forgotten
that allowances muft be made for the different citcum-

fiances of mcreafe or decreafe in a place, agreeably to

the obfervaucn at the end of the note in puge 194.

O 4 to
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to it, from the country, in the moft robu it

part of life, and with a much greater proba-

bility of attaining to old age, than if they had
come into it in the vvcaknefs of infancy.

But, notwithftanding this advantage, there

are much fewer perions who attain to great

ages in London, than in mod other places
where cbfervations have been made. At

Vienna*, of 22,704 who died in the four

years 1717, 1718, 1724, 1725(0), 109
- reached 90 years; that is, 48 in 10,000.

But in London, for 30 years before 1769 only

35 of the fame number have reached this

age. >At Bre/law it appears, by Dr. Hni/efs
Table, that 41 of 1238 born, or a 3oth part
live to be So years of age. In the

parilli of

All-faints, in Northampton, an account has

been kept ever fince 1733 of the ages at

which the inhabitants die ; and I find that

a 22d part die there turned of 80. At Nor-
wich alike account has been kept ; and it ap-

pears, that for the laft 30 years, a 27th part of
the inhabitants have died, turned of the fame

age. According to Mr. Ker//eboows Table, of

Obfervations, publimed at the end of the laft

edition of Mr. De Moivres Treatife on the

Dodtrine ofChances, a i ^th part of all that are

born live to 80. And in the parifh of Holy-

Crojs, already mentioned p. 183 and p. 192,

(a] Vid. Abridgment of the Philofophical Tranfac-

tions, vo>. VII. pnrt iv. p. 46. It appears alfo that more
than three-fi^hs of ail who died in thefe years at Vienna

were boys ,:nd ~j~-\s, by whom, I fupoofe, are meant per-
'

i the
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the eleventh part of the inhabitants live to

So (a). But in London, for 30 years, ending
at the year 1768, only 25 of every 1000,
who have died, or a 4oth part, have lived

to this age; which may be ealily difcovered,

by dividing the fum of all who have died

during theie years at all ages, by the fum of

all who have died above 80.

Among the peculiar evils to which great
towns are fubjecl, I might further mention

the PLAGUE. Before the year 1666, this

dreadful calamity laid London almoft wafte

once in every 15 or 20 years ; and there is

no reafori to think, that it was not generally
bred within itfelf. A moft happy alteration

has taken place ; which, perhaps, in part
is owing to the greater advantages of clean-

linefs and opennefs, which London has en-

joyed fince it was rebuilt; and which lately
have been very wifely improved.

The fads I have now taken notice of are

fo important that, I think, they defervc more
attention than has been hitherto beftowed

(a] This, however, will appear itfelf inconfiderable,

when compared with the following account: " In 1761
' the burials in the diftridt of Chrijiianna t in Norway,
* amounted to 6,929, and the chriftenings to 11,024.
* Among thofe who died, 394, or I in 18, hud lived to
* the age of 90 ; 63 to the age of TOO, and feven to the
'

age of 10 1- In the diocefe of Bergen^ the perfons
* who di-d amounted only to 2,580, of whom 18 lived
* to the age of 100 ;

one woman to the age of 104, and
' another woman to the age of 108."

See the Annual Regijhr for 1761, p. lor.

upon
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upon them. Every one knows that tn*

ftrength of a ftate confifts in the number of

people. The encouragement of population,
therefore, ought to be one of the firft ob-

jects of policy in every ftate ; and fome of

the worft enemies of population are the lux-

ury, the licentioufnefs, and debility produced
and propagated by great towns.

I have obferved that London is now (a)

increafmg. But it appears that, in truth,

this is an event more to be dreaded than de-

iired. The more London increafes, the more
the reft of the kingdom muft be delerted ;

the fewer hands mud be left for agriculture;

and, confequently, the lefs muft be the plen-

ty and the higher the price of all the means
of fubfiflence. Moderate towns, being feats

of refinement, emulation, and arts, may be

public advantages. But great towns, long
before they grow to half the bulk of London,
become checks on population of too hurtful

a nature, nurferies of debauchery and volup-
tuoulhefsj and, in many refpeds, greater
evils than can be compenfated by any advan*

Dr.

(#\ This mcreafe is greater than the bills (hew, on
account of the orr.ifTjon in them of the two parities which

J>ave been moft increafed by new buildings ; I mean Afary*
toie arxi Pamrafs p-anfhes. The former of thefe parishes

is, I fuppoff, now one of the largeft in London.

(5) The mean annual births, Wffldings^ and Surtalt ijl

the foHowing towns, for ibaie of ih: laft years, have bcca

nearly,
At
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Dr. fleberden obferves that, in Madiira^
the inhabitants double their own number in

#4 years. But this (as you, Sir, well know)
is a very flow increafe, compared with that

which takes place among our colonies in

AMERICA. In the back fettlements, where
the inhabitants apply themfelves entirely to

agriculture, and luxury is not known, they
double their own number in i 5 years ; and all

thro' the northern colonies, in 25 years (a),

This is an inftance of increafe fo rapid, as to

have fcarcely any parallel. The births in

thefe countries maft exceed the burials

much more than in Madeira, and a greater

proportion of the born muft reach maturi-

ty.
In 1738, the number of inhabitants in

ffap Jcrj'ey was taken by order of the go-
vernment, and found to be 47,369. Seven

years afterwards, the number of inhabitants

was again taken; and found to be increafed,

by procreation only, above 14,000; and very
near one

b#jfo>l the inhabitants were found

Births. Weddings. Burials,

At Paris, -*- 19,100 4,400 . 19,400
Vienna, 5,600 ^- 6,8co
Amfrerdam, 4,600 2,400 8,oco

Copenhagen, --
2,700 * fcfc6 3:3C1?

Berlin, for 5 }

years,
end-

J. 3,634 936 4,092
ing at 1751 3

(ft] See a difcourfe on Chrljiian Union, bv Dr. Styles,

Bojion, 1 76 1, p. 103. 109, &c. See alfoThe Inter
eji of

Qreat Britain confidtrcd with regard to her C'Mnies, together

with Qbj\rnations (btt&rning the increafe cf mankind^ peopling
tf fountrl*^ 4:

v
k. p. 35. 2u edit. London^ 1761.

to
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to be under (a) 16 years of age. In 22 years,
therefore, they muft have doubled their own
number, and the births muft have exceeded

the burials 2000 annually. As the increafe

here is much quicker than in Madeira^ we

may be fure that a fmaller proportion of the

inhabitants muft die annually. Let us,

however, fuppofe it the fame, or a 5oth part.
This will make the annual burials to have

been, during thefe feven years, joooj and

the annual births 3000; or an i8th part of

the inhabitants. Similar obfervations may be

made on the much quicker increafe in Rhode

IJland* as related in the preface to the Collec-

tion of the London Bills of Mortality , and alfo

in the valuable pamphlet, laft quoted, on the

Intcrejl of Great Britain with regard to her

Colonies, p. 36. What a prodigious differ-

ence muil there be, between the vigour and
the happinefs of human life in fuch fituati-

ons, and in fuch a place as London ? The

original number of perfons who, in 1643,
had fettled in Xe-w-England, was 21,200.
Ever fince, it is reckoned, that more have
left them than have gone to them (^). In

the year 1760, they were increafed to half a

million. They have, therefore, all along

(a] According to Dr. Haliey
t

's Table, the number of

the living under 16, is but a third of all the living at all

ages.

(b] Ste Dr. Styles 's pamphlet juft quoted, p. I re, &c.

doubled
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doubled their own number in 25 years. And
if they continue to increafe at the fime rate,

they will, 70 years hence, in New-England
alone, be four millions; and in all North

America, above twice the number of inhabit-

ants in Great-Britain (a). But I am wan-

dering

(a] The rate of increafe, fuppofmg the procreative

powers the fame, depends on two caufes : The '* encou-
"

ragement to marriage j" and the " expectation of a child

juft born." When one of thefe is given, the increafe will

be always in proportion to the other. That is ; As much

greater or
lefs

as the ratio is of the numbers who reach

maturity, and of thofe who marry, to the number born,
fo much quicker or flower will be the increafe. Let us

fuppofe the operation of thefe caufes fuch, as to produce an
annual excels of the births above the burials^ equal to a 3oth

part of the whole number of inhabitants, it may leetn

to follow from hence, that the inhabitants would double

their own number in 36 years ; and thus fome have cal-

culated. But the truth is, that they would double their

own number in much lefs time. Every addition to the

number of inhabitants from the births, produces a pro-

portionably greater number of births, and a greater ex-

cefs of thefe above the burials ; and if we fuppofe the

excefs to increafe annually at the fame rate with the in-

habitants, or fo as to preferve the ratio of it to the num-
ber of inhabitants always the fame, and call this ratio

i, the period of doubling will be, the quotient produced

by dividing the logarithm of 2, by the difftrence between
the logarithms of r -f- 1 and r; as might be eafily demon-
ftrated. In the prefent cafe, r being 36, and r -f- I be-

ing 37, the period of doubling; comes out 25 years. If

r is taken equal to 22, the period of doubling will be 15

years.
But it is certain that this ratio may, in many

Situations, be greater than T%; and, inftead of remaining
the fame, or becoming lefs, it may iacreafe, the confe-

quence of which will be, that the period of doubling will

be (horter than this rule gives it, According to Dr.

Hallefs Table, the number of perfons between 20 and
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dering from my purpofe in this letter. The
point I had chiefly in view was, the prefent

ftate

r

42 years of age is a third part of the whole number living
at all ages. The prolific parr, therefore, of a country
may very well be a 4th of the whole number of inhabi-

tauts; and fuppofmg four of thefe, or every other mar-

riage between perfons all under 42^ to produce one birth

every year, the annual number of births will be a i6th

part of the whole number of people. And, therefore,

fuppofmg the burials to be a 43th part, the annual cxcefs

of the births above the burials will be a 24th part, and the

period of doubling 17 years. The number of inhabi-

tants in $leu)-England was, as I have faid from Dr. Styles &

pamphlet, half a million in 1760. If they have gone on,

increasing at the fame rate ever fince, they mud be now
640,000 ;

and it fecms to appear that in fad} they are now
more than th ; s number. For, fince writing the above

obfervations, I have feen a particular account, grounded
chiefly on furveys lately taken with a view to taxation

atid for other purpofes, of the number of males, between
16 and 60, in the four provinces. According to this ac-

count, the number of fuch males is 218,000. The
whole number of people, therefore, between 16 and 60,
muffc be nearly 436,000. In order to be more fare of a-

voiding excels, 1 will call them only 400,000. In Dr.

H'uileys Table the proportion of all the living under 16

and above 60, to the reft of the living, is 13.33 to 20
and this will make the number of people now living in

the four provinces of Ne-iv- England to be 666,000. But
on account of the rapid increale, this proportion muft be

fonfiderably greater in Nfiv- England, than that given by
Dr. HaHey's Table. In Neiv-Jerfey^ I have faid the num-
'bcr of people under 16, was round to be almoft equal to

the number above 16. Suppofe, however, that in Nnv-

England, where the increafe is flower, the proportion I

have mentioned is only 16 to 20; and then the whole
number of people will be 720,000.

I cannot conclude this note without adding a remark to

remove an objection which mav occur to fome in. reading
Dr.
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iljte of London as to healthfulnefs, number
of inhabitants, and its influence on popula-
tion. The obfervations I have made may,

perhaps, help to (hew, how the moft is to be

made of the lights afforded by the London
bills ; and ferve as a fpecimen of the proper
method of calculating from them. It is in-

deed extremely to be wiihed, that they were
lefs imperfect than they are, and extended

further. More parimes round London might
be taken into them ; and, by an eafy im-

provement in
fcjie parifh regifters now kept,

they might be extended through all the pa-
rimes and towns in the kingdom. The ad-

vantages arifmg from hence would .be very

confiderable. It would give the precife law-

according to which human life waftes in its

different ftages ; and thus fupply the neceflary
data for computing accurately the values of

all life-annuities and reverfions. It would,

likewife, (hew the different degrees of health-

Dr. Heberderfs account of Madeira, to which I have re-

ferred. In that account 5945 is given as the number of

children under feven in the ifland, at the beginning of the

year 1767. The medium of annual births, for eight

years, had been 2201; of burials 1293. 1 ^x Vears

therefore, 13,206 muft have been born; and if, at the

end of fix years, no more than 5945 of thefe were alive,

12 10 muft have died every year. That is; almoft all

the burials in the ifland, for fix years, muft have been
burials of children under feven years of age. This is

plainly incredible; and, therefore, it feems certain, that

the number of children under feven years of age muft,

through fome miftake, be given, in that account, 3-500
.
or 4000 too little.

fulnefs



208 Of the Expectation of Lives ;

fulnefs of different fituations, mark the pro-
I'Tcis of population from year to year, keep
always in view the number of people in- the

kingdom, and, in many other refpects, fur-

nifh inftruction of the greatell importance to

the ftatc. Mr. De Mohre, at the end of his

book on the dodlrine of chances, has recom-
mended a general regulation of this kind ;

and obferved, particularly, that at leaft it is

to be wifbed, that an account was taken, at

proper intervals, of all the living in the king-
dom, with their ages an^ occupations ;

which would, in feme degree, anfwer mo ft

of the purpofes I have mentioned. But,
dear Sir, 1 am fenfible it is high time to

finifli thefe remarks. I have been carried in

them far beyond the limits I at firft intend-

ed. I always think with pleafure and grati-
tude of your friendfhip. The world owes
to you many important difcoveries ; and your
n une muft live as long as there is any know-

ledge of philofophy among mankind. That

your happinefs in this, and every other re-

ipecl, may continually increafe, is the fincere

wifh of, SIR,

Your much obliged,

and very humble fervant,

X4ewinp;ton-Grcen. ^ -,

April 3 , 1769.
RICHARD PRICE.

O ST-
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POSTSCRIPT.
A T Edinburgh, bills of mortality, of the
-** fame kind with thofe in London, have

been kept for many years. I have, lince

the foregoing letter was written, examined
thefe bills, and formed a Table of Obferva-

tions from them, as I found them for a period
of 20 years, beginning in 1739, and ending in

i/c8* As this is a town of moderate bulk,
and ieems to hav% a particular advantage of-

lituation ; I expedled to find the probabili-
ties of life in it, nearly the fame with thofe

at Erejlaw, Northampton and Norwich
-,
but I

have been furprized to obferve, that this is

not the cafe. During the period I have men-
tioned, only one in 42 of all who died at

Edinburgh, reached 80 years of age ; which is

a fmaller proportion than attains to the fame

age in London. See p. 201. In general; it

appears, that the probabilities of life in this

town are much the fame, thro' all the ftages
of life, with thofe in London, the chief diffe-

rence being, that after 30, they are rather

lower at Edinburgh. It is not difficult to ac-

count for this, it affords, I think, a flrik-

ing proof of the pernicious effects arifing
from uncleanlinefs, and crouding together
on one fpot too mnny inhabitants. At

Edinburgh, Mr. Maitland fays,
" the build-

"
ings, elfewhere called houfes, are denomi-

P "
n'ated
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" nated lands", and the apartments, in other
"

places named Jlories, here called houfes, are
" fo many freeholds inhabited by different
" families j whereby the houfes are fo ex-
*'

ceffively crouded with people, that the
" inhabitants of this city may be juftly pre-
<f fumed to be more numerous than thole of
" fome towns of triple its dimenfions." See

Maitland's Hijlory of Edinburgh, p. 140.
In the year 1748,. the whole number of

apartments orfamilies in the city and liberties

of Edinburgh, was 9064. This Mr. Mait-
land mentions as the refult of particular exa-

mination, and undoubtedly right. Ib. p. 217,
218. In 1743, an accurate account was

taken, by the defire of this writer, of the

number of families and inhabitants in the pa-
rim of St. Cuthbert. Ib. p. 171. The number
offamilies was 2370, and of inhabitants at all

ages, 9731. The proportion, therefore, of

inhabitants to Jamilies, was 4-^0- to I; and,

fuppoiing this the true proportion for the

whole town, the number of inhabitants will

be 4-rV multiplied by 9064, or 37,162.
The yearly medium of deaths in the town
and liberties for eight years, from 1741 to

1748, was 1783. Ib. p. 220 and 222. And,

confequently, one in 20! died annually.
Mr. Maitland, tho' polfeffed of the data

from which thefe conclufions neceffarily fol-

low, has made the number of inhabitants

50,120, in confequence of a difpofition to

3 exag-
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exaggerate in thefe matters, and of affuming,
without any reafon, a 28th part of ths inha-

bitants as dying annually.
In page 220, he exprefTes much furprize

at finding, that the number of males in this

town was lefs than the number of females,
in the proportion of 3 to 4. But this is by
no means peculiar to Edinburgh.

All I have been faying muft be underilood

of the ftate of Edinburgh, before the year

1758. The bills, for the laft 12 years, have

been fo irregular, and io different from the

fame bills tor the preceding years, and from
all other bills, that I cannot give them any
credit. Either fome particular incorreftnefs

has crept into the method of keeping them ;

or there has been fome change in the ftate

of the town which renders them of no ufe.

Probably the former is the truth.

From the note in p. 203, it appears, that

the chriftenings and burials at PARIS, come

very near to equality. This once led me to

fufpecl, that there muft be fome particular

iingularity in the flate of Pan's, which ren-

dered it much lefs prejudicial to health and

population than great towns commonly are.

But better information has lately obliged me
to entertain very different fentiments. The
difference between the births and burials at

Paris, is much greater than the bills fliew.

P 2 " Children
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" Children here are baptized the inflant
"

they are born ; and, in a day or two af-
"

terwards, it is the cuftom to fend them to
" the adjacent villages to be nurfed. A
"

great number therefore, of the infants born
" at Paris, die in the country, and thefe
"

appear only in the regifter of chriften-
"

ings." See a book entitled the Police

of France, page 127. And Buffbns Natural

Hiftory, Tom. II. at the end. " All the
" children alfo received into the Foundling-
tf

Hofpital, are immediately fent to be nuri-
" ed in the country, at a diftance from Paris,
<c where they remain 5 or 6 years; at the end
" of which time they are brought again to
**

Paris, the boys to be placed in the fuburbs
" of St. Antoine, and the girls at Salpetriere,
" to be further maintained till they arrive at
" the age of twelve years." Police oj'France',

p. 8 1. The following paflage in the fame

writer, containing a further account of this

Hofpital, is important; and, therefore, tho'

long, I cannot help tranfcribing it
" Let

" us fuppofe, that out of 4000 children an-
c

nually carried into the country, two thirds
"
may die, during the five years they are de-

<c ftined to remain at nurfe; fo that only
"

J 333 would conftantly be the annual
" number fent back to Paris-, who, being
"

kept at the two Hofpitals St. Antoine and
"

Sii/pefriere jufr mentioned, 'till they are 12,
* { and (ucceeded by a like number each year,

" the
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" the total number compofed of all brought
c in the fucceffive years, would make the
" conftant refting (lock to amount to 9331.
" But of thcfe we will fuppole a 5th part" to die every year. Yet even then the
" conftant refting ftock of children ought to
" be 7465. How greatly then muft we be
"

furprized to find, by the authentic account
c * taken from their own books, only 640
f

boys in the college of St. Antoine, snd not
" more tham 600 girls at the Safpetriere ;

" fo that the refting ftock of returned found-
"

lings appears to be no more than 1240,
" which being deducted from 7465, will make
" the difference in the deficiencies 6225.
" What then becomes of thefe ? Are they
" reclaimed by their parents ? Or do they
"

periih for want of care? In anfwer to
" which queftions it was explained to. me;
" that as many of the lower clafs of people
" were induced to marry, in order to be ex-

' cuied from ferving in the militia ; fo when
" thefe have children, which they are una-
" ble to maintain, they ulually fend them to
' this hofpital; which, therefore, muft be
" looked upon, as not only a charity for the
" care ofexpofed and deferted children whole
"

parents are unknown, but alfo as a public
"

nurfery for the fuftenance of the children
" of poor people, who, tho' regiflered at the
f<

office, are often reclaimed from their coun-
"

try
nurles by their parents. This accounts,

P 3 "in
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" in fome meafure, for the fmall ftock of
" children brought back to the hofpital at
" Pan's. The further difference is fufpecfted
" to be owing to the infufficient nourifhment
"

they receive ; as this particular charity, as
" well as the General Hofpital, adopts that
"

prepofterous method of taking in an un-
" limited number, while there is only a li-

" mited income for their fubfiftence." Ib.

page 83.
Thefe fads prove, that, at the fame time

that the regifter of chrijlenings at Paris muft
be full, the regifter of burials muft be very
deficient. Let the deficiencies be reckoned

at 4600 ; and, conlequently, the annual

burials at 24,000. The annual average of

weddings, given in p. 203, is 4300; and,

therefore, the number of perlbns who marry

annually muft be 8600. The difference be-

tween the chriftenings and burials is 5000;
which, therefore, is the number of annual

recruits from the country. Thefe, in gene-
ral, muft be perfons in mature life. Suppofe

3600 of them to marry after fettling at Paris.

Then, 8600 lelTened by 3600 or 5000, will

be the number of perfons born at Paris who
marry annually; and 14,100, or near three-

fourths of all who are born at Paris, will be

the number dying annually in childhood and

celibacy.
The fuppofitions on which I have made

.-this computation feem moderate; but if any
one
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one thinks otherwife, he may make the fame
calculation on any other fuppofitions.
The births at Paris are above four times

the weddings ; and it may feem, therefore,

that here, as well as in the moft healthy

country fituations, every wedding produces
above four children. I have obferved no-

thing like this in any other great town.

Many children born in the country are, I

fuppofe (a), brought to the Foundling-Hof-

pital, and there chriftened. This Hofpital

may likewife occafion a more than common
Dumber of illegitimate births. And, befides,

fome who leave the country to fettle at Paris,

may come thither already married. Thefe
are circumftances that will fwell the regifter
of births, without having any effect on the

weddings. I do not, however, know that

any of them take place at Pans j and, per-

haps, it muft be granted, that it is diftin-

guifhed in this refpect from mod other towns.

Nor can I wonder at this, if it be indeed

true, not only, that all married men in France

are excufed ferving in the militia from whence

draughts are made for the army, but alfo,

that a fifth of all the children born at Paris

are fent to the Foundling-Hofpitd (b}. Thefe
are

(a]
" If the parents of a child brought to this Hofpital

" are known, the r'egifter
of its baptifm muft be pro-

" duced. If the parents are unknown, the child muft
* be baptifed after being received." Police of France,

pag. 82.

(b} See Police of France, &c. p. 83. This writer

adds, that a third of all that die at Paris die in Hofpitals.
P 4 "In



2 1 6 On the Expectation of Lives ;

are encouragements to marriage that no other

city enjoys. It has been feen that the Found-

ling- Hofpital, tho' attended with this effecT:,

is, probably, in the higheft degree pernici-
ous

-,
but it is to be wifhed, that fome policy

of the fame kind with that firjl mentioned,
was purfued in this kingdom. At the end of

the 2d vol. of Monfieur De Buffons Natural

Kijlory, there are Tables formed from the

Obiervations of M. Du Pre de S. Mour, of

the French Academy, containing an account of

the ages at which 13,189 peribns died in three

parimes at Paris, and alib,of the ages at which

io,Soc peribns died in 12 country parimes and

villages near Paris. According to thefe Ta-

bles, m'any more die in the beginning of life,

and muchfewer in the latter part of life, in

the country than in Paris. But the circum-
itances of Paris, and the country round it,

2re fuch, that no argument can be drawn

In the Hold Dieu (
a great Hofpital fituated in the

middle of the
city) we may, he fays, behold a horrid

t'cene of mifery ; for, the beds being too few for the

numbers admitted, it is common to fee 4, or 6, or

even 8 in a bexi together, lying 4 at one end, and 4
at the other, i}l of various diftempers in feveral de-

grees ; fome bad, ethers worfc ;
fome dying, others

dead. Above * fifth of ail admitted to this Hofp'tal

die; the annual numbers admitted being 21,823. '^ns

medium of ceaths for three years from 1751 to 1753*
'

4650. The medium of deaths for the fame years in
1

ail the Hofpitals was 6)81." Ib. p. 85. In our two

great city Hofpitals, St. Thomas's and St. Barthobptew's,
about 600 die annually j or one in 13 of all admitted as

in-patients.

3
from
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from hence in favour of Pan's. Many of the

.children dying in the country, are children

fent thither from Pans to be nurfed; and,

on the other hand, many, perhaps moji, of

thofe who die in old age at Paris, are per-
fons who have removed thither from the

country, fome to Hofpitals, and fome to

places
and fettlements. It is evident, there-

lore, that thefe Tables give a repreientation
of the probabilities of life at Paris; which,
when compared with thofe in the adjacent

country (a), is juft the reverfe of the truth.

Were the children born at Pans, who die

in the country, to be transferred to the town

regifter; and, on the contrary, the adults

born in the country, who die at Pan's, to

be transferred to the country regifter, there

is no reafon to doubt, but that the proba-
bilities of life at Pan's, would be found as

low, in comparifon with thofe in the coun-

try, as the probabilities of life in London

are; or, perhaps, much lower. This ob-

fervation is applicable, in fome degree, to

moft other great towns; and, in general,
on account of the migrations from the coun-

try to towns, navies and armies, we may be

fatisfied, that we err on the fide of defeff,

(a] It is for this reafon that thefe Tables, when com-

bined, exhibit juftly the mean probabilities of life for town
and country taken together ; and that the Table of the

decrements of life deduced from them by M. Euffon and

M. Du Pre, agrees nearly with Dr. Hallefs Table.

whenever
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whenever we judge of the probabilities of

life in the country, from the numbers dy-

ing in the feveral itages of life ; and, on the

fide of excefs, whenever, in the fame way, we

judge of the probabilities of life in towns.

And this, it is obvious, has a tendency to

confirm all that has been faid in the preced-

ing EfTay, concerning the pernicious effects

of great towns on human life.

There are feveral ordonances and arrets of

council which fix the boundaries of Paris,

and prohibit all new buildings beyond thofe

boundaries. The reafons of this regulation,
as fet forth in one of thefe arrets, are re-

markable ; and it will not be improper to

recite them. "
By the exceflive aggrandiz-"

ing of the city, it is faid, the air would be
" rendered unwholefome, and the cleaning
" the flreets more difficult." "

Augment-
"

ing the number of inhabitants would aug-
" ment the price of provifions, labour and
" manufactures." " That ground would be
" covered with buildings, which ought to be
" cultivated in raifing the neceffary fubfift-
" ence for the inhabitants ; and thereby ha-
" zard a fcarcity."

" The people in the
"
neighbouring towns and villages would be

"
tempted to come and fix their refidence in

c< the capital, and defert the country."
Cc And laflly; the difficulty of governing fo
"

great a number of people would occafion
*' a diforder in the Police, and give an oppor-

"
tunity
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tunity to rogues to commit robberies and
" murders (a)."
No one can think overgrown cities greater

evils than I do. But, yet, I can by no means

approve of this policy. The effeci of it muft

be, crouding together too many people with-

in the prefcribed boundaries, and rendering
a town more the feat of uncleanlinefs, infec-

tion and difeafe. The number of houfes in

Parish reckoned to be 28,000 (^), or 30,000;
but the number of inhabitants, fuppofing a

2oth part to die annually, cannot be much
lefs than 480,000, or 16 times the number
of houfes.

It is happy for LONDON, that there have

been no laws to reftrain its increafe. In con-

fequence of being allowed to extend itfelf on
all fides into the country, the inhabitants

now take near twice the room to live upon
that they did; and it is become lefs the means
of mortening human life. See p. 189, 191,
and 201.

In page 203, I have given the annual me-

dium of births, weddings and burials at BER-

LIN, from 1747 to 1751. In 1747, an ac-

count was taken with the utmoft care, by
the order of the King of PRUSSIA, of the

number of inhabitants in this town; and, it

was found to be 107,224. In order to be

more certain, zfecond account was taken the

(a] Vid. Police of France, p. 130.

(b] Ibid. There are other accounts which makes this

number above 50,000.
fame
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fame year; and the number found the fame

within 200. In 1749, the inhabitants were

increafed to 1 10,933. Their number, there-

fore, compared with the annual burials, was
as 27 to i. This is a higher proportion than

could be expected in a town fo confiderable ;

and alib fo much crouded, as to have, at an

average, 16 inhabitants in every houfe. But

there is a plain reafon to be given for this

fa&. BERLIN, for many years, had been

increaling very faft, by a conflux of people
from the furrounding country and provinces.
About the year 1700, the medium of annual

burials was no more than 1000. In 50 years,

therefore, it quadrupled itfelf. In a city in-

creafmg with fuch rapidity, the ratio of in-

habitants to the annual deaths, mud be great-

ly below the
j nil ftandard. Were there now,

fuch acceflions to LONDON of deferters from

the country, in the beginning of mature life,

as would caufe the number of inhabitants tu

increafe at the rate of 10,000 every year, it

would in 60 years be doubled ; and the pro-

portion of inhabitants to deaths would rife

gradually, 'till it came to be about one third

greater. BERLIN, we have feen, has, in fact,

increafed at more than double this rate; and,

therefore, the proportion of inhabitants dy-

ing annually in it is in reality very low.

The ingenious Sufmilch, to whole curious

book, already quoted, I owe my information

concerning BERLIN, makes the proportion
of
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of people who die annually in great towns,

to be from -*'T to T'T ; in moderate towns, from

sV to T'T ; and, in the country from TV to -jV.

The obfervations and fads in this Eflay,

joined to thofe which will be found in the

4th ElTay, prove, I think, that thefe propor-
tions may be more truly ftated as follows.-

Great towns, from V-o- to T
*

T or TV. Moderate

towns, from -rV to *V. The country, from

TS- or -^ to -TO- or --5. This, however, muft
be underftood with exceptions. There may
be moderate towns fo ill fituated, or whofe
inhabitants may be fo crouded together, as

to render the proportion of deaths in them

greater than in the largeft towns : And, of

this, EDINBURGH, if it is not now, was 20

years ago, an example. There may be alfo

great towns in which, from a fudden increafe,

this proportion may be lefs than in fmall

towns : And of this, I have juft given an

example in BERLIN.

ESSAY
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ESSAY II.

On Mr. DE Mo iv RE'S Rules for cal-

culating the Values of Joint Lives.

THE
calculation of the values of Jingle

and joint lives, from given Tables of

Obfervation, being tedious and troublefome;
Mr. De Moivre has had recourfe to two Hy-
pothefes, which give eafy rules for this pur-

pofe ; and which, he thought, correfponded
with fufficient exactnefs to Obfervations.

The firft of \hzkHypotbefes is, that the pro-
babilities of life decreafe, as we advance from
childhood to old age, in an arithmetical pro-

greffion ; or in luch a manner, that the diffe-

rence is always the fame, between the num-
ber of perfons living at the beginning of any
one year, and the number living at the be-

ginning of the next following year. The
other Hypothejis is, that the probabilities of
life decreafe in a geometrical progreffion ; or

in fuch a manner, that the proportion is al-

ways the fame, between the number of per-
fons living at the beginning of any one year,
and the number living at the beginning of

the next following year. All the Tables

of Obfervation (hew, that the real law, ac-

cording to which human life waftes, comes

much



Of the Method of calculating, &c. 223

much nearer to the former Hypotbefis, than

the latter. In Tables III, IV, and V, in the

Appendix, it is fo near the former Hypotbejis,
that the difference is fcarcely worth regard-

ing. According to this Hypothecs, therefore,

(accommodated to the Brejlaw Table, in the

manner mentioned in the note, page 2.
)

Mr. De Moivre calculated the values vifmgle
lives ; and the rules founded upon it for this

purpofe are fo eafy, that an operation which
would otherwife take up much time, may
be performed almoft immediately.

By proceeding on the fame principles, the

values ofjoint lives might have been calcu-

lated ; but the rules for this purpofe derived

from thele principles, are far from being

equally eafy in pra&ife. Here, therefore,

Mr. De Moivre quitted hisjir/t Hypothecs ;

and finding, that the fecond Hypothecs af-

forded, in the cafe of joint lives, rules that

were as eafy, as the rules given by the other

Hypothefis were in the cafe of jingle lives,

he chofe to adopt this Hypothecs ; believing
at the fame time, that the values ofjoint lives,

obtained by rules derived from it, would
not deviate much from the truth. But in

this he was greatly miftaken. The values

of two joint lives obtained by thefe rules are

fo wrong, that in finding the prefent value,

in a Jingle payment, of one life after another,

they generally give refults which are near ^
of the true value too great; and about two-

fifths
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fifths too great, when the value is fought in*

annual -payments during the joint lives. -

Thefe are errors ib coniiderable, that I think

it is of particular importance that the public
fhould be informed of them, in order to pre-
vent the inconveniencies and perplexities

they may occafion.

Mr. Simpfon (in the Appendix to his Trea-

tife on the Doftrine of Annuities and Rever-

fans] has obferved, that Mr. DeMoivres rules

for finding the values ofjoint lives are wrong.
But I don't know, that it has been ever at-

tended to, that they zrcfo wrong as I have

found them. Mr. Sinipforis remarks point
out chiefly the errors in thefe rules, when the

values of three or more joint lives are calcu-

lated by them ; but, 'till I was forced to a

particular examination of this fubje<t by
iome difficulties into which I found myfelf

brought by following Mr. De Moivre too

implicitly, I did not at all fufpect, that any
fuch errors as I have mentioned, .could arife

from thefe rules, when the values of only two

joint lives are calculated by them. Mr. De
Moivre, in confequence ofother remarks con-

tained in Mr. Simpfon 's Appendix, altered in

the 4th edition of his Treatife fome of his

rules. It is furprizing he did not fee reafon

at the fame time to alter thefe.

That there may be no doubt about the

truth of thefe obfervations, I will juft men-
tion a few examples of the difference between

the
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the values of a given reverfionary annuity^

accerding to the rules to which 1 have ob-

jected, and the true values* according to the

exact method of deducing them from Mr.
De Moron's Jirft Hypothecs.

Let the propofed annuity be 3O/.J to be

enjoyed for what fhall happen to remain of
the life of a perfon now 40 years of age, af-

ter the life of another perfon of tha fame age.
The value of the joint lives (interefr. being
at A. per cent.} is, by problem ad of Mr. D<?

Moivre's Treadle on Life-annuities, 8.964;
which fubtracled from 13.196, (the value

by Table VI, of a fingle life at 40) gives

4.23 j which remainder, multiplied by 30*

gives /. 1 26.9, or the value of the reverlion in

a fingle prefent payment. And 126.9, di-

vided by the foregoing value of the joint

lives, is /. 14. 16 , or, the value of the rever-

lion in annual payments during the joint
lives. But the true values are /. 101^1 in a

/Ingle payment, by Queft. I. ehap. I.j and

/. 10.3, in annual payments, by Queft. IV. -

The former values, therefore, are near a

quarter of the true value too great in \k&Jin-

gle payment j and near two-jifihs too great
in the annual payments.
The true value of the fame annuity for a

life at 66; after another life of the fame agey

is, (reckoning intereft as before^ at ^percent.)
68/. in a Jingle payment ; and 13 5, in an-

nud payments, But thefe values, according
to
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to the Problem juft quoted, are 9i/., and 21 7.

one of which is near a third, and the other

above halft\\Q true value too great.
In unequal lives thefe errors may be no lefs

conliderable. Thus; if the value of the pro-

pofed annuity be required for a life at 70,
after a life at 30 years of age; it will, by
the fame Problem, be /. 26.5, in a.Jingle pay-
ment; and 7.5.1, in annual payments during
the joint lives. But the /revalues are \jl.
and /. 3.05. '**>

Where 3 or more lives are concerned the

errors will be flill greater.
The true values of the joint lives, men-

tioned in thefe Examples, have been calcu-

lated by a rule in pag. 16, of Mr. Simpfons
Treatife on the Dodrine of Annuities and

Reverfions, and explained in note (M) Ap-
pendix. To fave, however, a great deal of

trouble hereafter, I have thought proper to

calculate Table VII, which gives the exacl:

values, according to Mr. De Moivre's firjl

Hypothecs, of two joint lives, for every five

years of human life from, 10 to 70.
This Hypothecs, I have obferved, does not

differ much from the Tables of Obfervation

in the Appendix, for Ere/law, Northampton and

Norwich. Between the ages of 70 and 40,
it gives the values ofjing/e lives almoft the

lame with the BreJIaw Table. Under 30, it

gives them fomewhat
lejs , and above 40,

iomewhat greater. But it ought to be re-

membered,
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membered, that wherever it does this, it

gives, at the fame ages, the values of the

joint lives alfo too little or too great ; and that,

consequently, the relults from it, in calcula-

ting the values of Rever/ions, and of the longeft

of given lives, come fo much nearer to exact-

nefs.

The rules to which I have objected are the

only ones given by Mr. Z)</ Moivre, in all the

editions of his Treatife on Life-Annuities.

But it feems, this great mathematician be-

came at lalt fenfible, that they were too in-

correct ; and, therefore, at the end of the laft

edition o his Treatife on the Doctrine of
Chances, pag. 320, (a work which gets into

comparatively few hands) he has given other

rules which come nearer the truth. But

even thefe rules produce errors fo great in

many cafes, (particularly when combined
with the errors of

%
the Hypothefis) that it

will be beft never to ufe them.

ESSAY
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ESSAY IIL

Of the Method of calculating the

lvalues of Reversions depending on

Survivorships.

ALL QuefHons relating to the values of

lives and reverfions, are at prefent of par-
ticular importance in this kingdom. Much
bufmefs is continually tranfacled in this way;
and any confiderable errors in the methods
of tblving fuch queftions, muft in time pro-
duce very bad confequences. The defign of

the following pbfervations is to point out a

.particular error, into which there is danger
of falling, in rinding the values of fuch re-

verfions as depend on furvivorfhips. In do-

ing this, I lhall, in order to be as plain as

poiiible, take the following cafe. " A, aged
14

40, expects to come to the pofieffion of
<f an eftate, Ihould he furvive B, aged like-
" wife 40. In thefe circumftances he offers,
" in order to raife a prefent fum, to give fe-
fi

curity for 40 /. per annum, out of the eftate
" at his death, provided he fhould get into

'

porTef-
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poffefiion y that is, provided he mould fur-
" vive B. What is the fum that ought now
" to be advanced to him, in confideration of
" fuch fecurity, reckoning compound intereft
" at 4 per cent?"

Mr. De Moivres directions in his Trea-

tife on Annuities, Problems ijth and 2cth,
lead us to feek the required fum in this cafe,

by the following procefs.
Find firft, the prefent fum A mould re-

ceive, for the reverfion of 40 /. per annum for

ever after his death ; fuppofing it not depen-
dent on his furviving B. The prefent value of

fuch a reverfion is
" the (a] value of the life

" fubtratted from the perpetuity, and the re-
<( mamder multiplied by the annual rent."

The value of the life is, by Table VI, 13.196.
This fubtracted from 25, the perpetuity, leaves

1 1. 80; which, multiplied by 40, gives 7.472;
the value of the fuppofed eftate, after the life

of A. But, as Mr. De Morcre obferves, the

lender having a chance to lofe his money, a

compenfation ought to be made to him for

the rifle he runs, which is founded on the

poffibility, that a man of 40 years of age may
not furvive another perfon of the fame age.
This chance is an equal chance; and, there-

fore, half the preceding fum, or 2367. is the

money which fhould be advanced now on
the expectation mentioned.

(a) By ScbtUiim, p. 34, and Problem 26th, p. 293,
of Air.

Sirnpftiti
Seleft Exercifes.

This
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This iblution carries a plautible appear-
ance ; and moft perfons will, probably, be

ready to pronounce it right; nor will this

be at all wonderful, as io great a matter of

thefe fubjetfs as Mr. De Moivre appears to

have been mifled by it. Nothing more is

necefTury to prove it to be fallacious, than

proceeding in the fame way to folve the fol-

lowing iimilar Queftion.
" A, aged 40, offers to give fecurity for

"
40 /. per annum, to be entered upon at his

"
death, provided it fhould happen before the

'* death of B, aged likewife 40. What fum
'* mould now be advanced to him for fuch a
"

reveriion, intereil being reckoned at ^pcr
cent?"

In folving this Problem, agreeably to the

method juft deicribed, we are to find the va-

lue of 4o/. per annum, to be entered upon
certainly at the death of A ; and then to mul-

tiply this value by the chance that A ihall

not furvive B, or by 4 ; and in this way the

anfwcr comes out the fame with that already

given.
Now it may be eafily feen, that this mud

be wrong. The value of a reverfion, to be

received when a perfon of a given age dies,

cannot be the fame, whether the condition

of obtaining it is, that he mall die before, or

that he (hall die after another perfon. That

is, whether it is provided, that a purchafer, if

he fucceeds, mail get into pofftffionfooner
or

I later.
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later. The reverfion in the latter cafe muft,
without doubt, be of lefs value than in the

former.

The firft Queftion here propofed, refolves

itfelf into the following general Queftion.
" What is the prefent value of a given re-

"
verlionary eftate, to be entered upon after

" the failure of two lives, provided one in
"

particular of them mould be the kngefl

Now, the prefent value of an eftate to be

enjoyed for ever, after the failure of the long-

eft
of two lives, is

" the value of the longeft
" of the two lives, fubtradted from the per-
cc

petuity-y and the remainder multiplied by
" the annual rent of the eftate." The value

of the tonge/loftwo lives is, (as is well-known)
the value of the twojoint lives,fubtrafted from

thefum of the (a) values of the twofagle
lives. In the prefent cafe, therefore, it is

9.82, (the value of two joint lives at the age
of 40 by Table VII,) fubtradled from twice

13.196; (the value of zfmgle life at the fame

age by Table VI,) that is, \6.^j year's pur-
chafe. And this fubtradted from 25, (the

perpetuity) gives 8.43 ; which, multiplied by
40, gives 7.337.2, the value of the given eftate

were it certainly to be enjoyed, after the ex-

(a} See Mr. De Moivre on Annuities, Problem IV;
or Mr. Simpfon's Dcfirine of Annuities andReverfions,iQk>.
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tincflion of the longeft of two lives both 40 j

that is, whether one or other of them failed

Jaft. But that A's life in particular fhould

fail laft, rather than B's, is an even chance.
The true value of the reverfion, therefore,

is half the laft value, or /. 168.6.

In like manner. The fecond Queftion is the

fame with the Queftion,
* What is the pre-

" lent value of 407. per ann. for ever, to be en-
*' tered upon after the extinction oftwojoinf
* { lives both 40; that is, whenever either of
*' them (hall fail ; provided the firft that fails

'< fhould happen to be A's life in particular ?
v

'. And the anfwer is found b,y fubtrading the

prefent value of the two joint lives from the

perpetuity,
and multiplying the remainder by

4, or by the chance that A in particular
fliall die firft : And this will give the re-

quired value, 7.303.4 (a).

In fhort. It appears in both thefe cafesA

that, according to the firft method of iblu-

tion, we are to fubtrad from the perpetuity
the value of one of the fingle lives ; when, in

\\\Qformer cafe, the value of the longeft of the

two lives ; and, in the latter cafe, the value

of their joint conlinnance, ought, in reality, to

be fubtracled. I need not fay what prodigi-
ous errors may often arife from hence; and

how unfit fuch a method of iblution is for

practice,

(#) 1 h^ve, tho* fcarcely necefTary, giv^n a demonftra-

:ion of thefe Solutions in the Appendix, note (N).
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Mr. Simpfon, in p. 322, of his Seledt Ex-
ercifes, fpeaks on this fubject in the follow-

ing manner. "
I have been very particular" on thefe kinds of Problems; and the more

"
fo, as there has been no method before pub-"
limed, that I know of, by which they can

5* be rightly determined. 'Tis true, the man-
(c ner of proceeding, by firft rinding the pro-"

bability of furvivorfhip, (which method is

*' ufed in my former work, and which a cele-
" brated author has largely infifted on in three
" fuccelhve editions) may-be applied to good
"

advantage, when the given ages are nearly
"

equal ; but then it is certain, that this is

' not a genuine way of going to work, and

that the conclufions hence derived are at
" beft but near approximations."

This excellent mathematician has here ex-

preffed himfelf much too favourably of the

method of folution on which I have remark-

ed In both the cafes I have fpecified the

ages are equal ; and yet, in one of them the

error is a good deal above a third of the true

value, and in the other, affth: And, it is

obvious, that in cafes where three equal lives

are taken, the errors will be much greater.
Mr. Simpforis Obfervations in this paffage

are true only, when applied to a different me-
thod ufcd by himfelf, in the 28th and fol-

lowing Problems of his Treatife on the Doc-
trine of Annuities and Revafans. This me-

thod is exaft when the lives are equal ; but,

it
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it gives refults which are too far from the

truth, when there is any confiderable inequa-

lity between the lives.

It is with relu&ance I have made fome of

thefe remarks. Mr. De Moivre has made

very important improvements in this branch

of fcience; and the higheft refpeft is due to

his name and authority. This, however,

only renders thefe remarks more neceilary.

In the firft Chapter (Queftions loth, nth,
1 2th, I4th,&c.) I have given a minute ac-

count of the method of finding, in all cafes,

the values of the reverfions which have been

the fubjeft
of this Effay.

-
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Olfervations on the proper Method of

conft?~icEling Tables for determining
the Rate of human Mortality, the

Number of Inhabitants^ and the

Values of Lives in any Town or

DiftriEl) from Bills of Mortality in

which aregiven , the Numbers dying

annually at all Ages.

IN
every place that juft fupports itfelf in

the number of its inhabitants, without any
recruits from other places; or where, fora
courfe of years, there has been no increafe

or dccreale, the number of perfons dying

every year at any particular age, and above

it, ir.uft be equal to the number of the living
at that age. The number, for example, dy-

ing every year, at all ages, from the beginning
to the utmofl: extremity of life, muft, in fuch

a fituation, be juft equal to the whole num-
ber born every year. And for the fame rea-

fon, the number dying every year at one year
of age and upwards ; at two years of age and

upwards; at three and upwards, and ib on;
muft be equal to the numbers that attain to

thole ages every year ; or, which is the fame,
to
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to the numbers of the living at thofe ages.
It is obvious, that unlefs this happens, the

number of inhabitants cannot remain the

fame. If the former number is greater than

the latter, the inhabitants muft decreafe\ if

lefs, they muft increafe. From this obfer-

vation it follows, that in a town or country,
where there is no increafe or decreafe, bills

of mortality which give the ages at which
all die, will (hew the exaft number of inha-

bitants; and alfo the exact law, according to

which human life waftes in that town or

country.
In order to find the number of inhabitants;

the mean numbers dying annually, at every

particular age and upwards, muft be taken

as given by the bills, and placed under one

another in the order of the lecond column of

the 1 2th Table in the Appendix. Thefe
numbers will, it has appeared, be the numbers
of the living at i, 2, 3, &c. years of age; and,

confequently, the fum, diminifhed by half

the number born annually (*), will be the

whole

(a] This fubtraflion is necefTary for the following rea-

fon. In a Table formed in the manner here directed, it

is fuppofed, that the numbers in the fecond column are

all living together at the beginning of every year. Thus ;

the number in the fecond column oppofite to o in the

frjl column, the Table fuppofes to be ail juft born to-

gether on the firft day of the year. The number, like.-

\vife, oppoiite to j, it fuppofes to attain to one year of



Tables of Olfirvations, &c.
'

237

whole number of inhabitants. In fuch a fe-

ries of numbers, the excels of each number
above that which immediately follows it, will

be the number dying every year, out of the

particular number alive at the beginning of
the year; and thefe exceffes fst down regu-

larly as in the third column of the Table to

which I have referred, will mew the diffe-

rent rates at which human life waftes thro*

all its different periods, and the different pro-
babilities of life at all particular ages.

It mud be remembered, that what has

been now faid goes on the
fuppofition,

that

the place whofe bills of mortality are given,

iupports itfelf, by procreation only, in the

number of its inhabitants. In towns this very
leldom happens, on account of the luxury and

debauchery which generally prevail in them.

They are, therefore, commonly kept up by
a conftant acceilion of Grangers or fettiers*

age juft at the fame time that the former number is born.

And the like is true of every number in the fecond co-

lumn. During the courfe of the year, as many will die at

all a^es as were born at the beginning of the year; and,

confequently, there will be an excels of the number alive

at the beginning of the year, above the number alive at

the end of the year, equal to the whole number of the

annual births ; and the true number conftantly alive to-

gether, is the arithmetical mean between thefe two num-
bers ; or, agreeably to the rule I have given, tb.efum of

the numbers in the fecond column of the Table, lellened

by /;^"the number of annual births. S-etr EiT^y I, page
-174.

who
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who remove to them from country parishes
and villages. In thefe circumftances, in or-

der to find the true number of inhabitants,

and probabilities of life, from bills of morta-

lity containing an account of the ages at

which all die; it is neceflary, that the pro-

portion of the- annual births to the annual

fettlers fhould be known; and alib the period
of life at which the Litter remove. Both
thefe particulars may be discovered in the

following method.

If for a courte of years there has been no

fenfible increafe or decreaie in a place, the

number of annual fettlers will be equal to

the excels of the annual burials above the

annual births. If there is an increaje, it will

be greater than this excefs. If there is a dc-

ereaje* it will be
lefs.

The period of life at which thefe fettlers

remove, will appear in the bills by an in-

creafe in the number of deaths at that pe-
riod and beyond it. Thus 3 in \htLonthli

bills, the number of deaths, between 20 and

30, is generally above double; and between

30 and 40, near triple the number of death?
between 10 and 20 : And the true account

of this is, that from the age of 18 or 20, to

35 or 40, there is an afflux of people every

year to London from the country, which oc-

cafions a great increafe in the number of in-

habitants at thefe ages; and, conlequently,
'ralies the deaths for all ages above 20, con-

fiderably
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fiderably above their due proportion, when

compared with the number of deaths before

20. This is obfervable in all the bills of

mortality for towns with which I am ac-

quainted, not excepting even the Brejlaw
bills. Dr. Halley takes notice, that thefe

bills gave the number of deaths, between 10

and 20, too fmall. This he conndered as an

irregularity in them, owing to chance ; and,

therefore, in forming his Table of Obferva-

tions, he took the liberty fo far to correct it,

as to render the proportion of thole who die

to the living in this divifion of life, nearly
the fame with the proportion which, he fays,
he had been Informed (a) die annually of the

young lads in Cbrift-Cburcb Hofpital. But
the truth is, that this irregularity in the bills

was derived from the caufe I have juft align-
ed. During the five years for which the

Brejlaw bills are given by Dr. Ha//ey, the

births did, indeed, a little exceed the burials;

but, it appears, that this was the effect, of
fome peculiar caufes that happened to ope-
rate juft at that time; for, during a com-

plete century from 1633 to 1734, the annual

medium of births was 1089 (), and of bu-

(0) See Lowthsrp's Abridgment of the Philofophical
Tranfa&iorts, vol. III. p. 670. Dr. HaHcy's information

in this inftance was not right, as will appear prcfcntly ;

and, therefore, he has by no means fufficientiy corrected

the irregularity 1 have mentioned.

() See Dr. Short's Comparative Hiftory, p. 63.

rials
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rials 1256 (a). This town, therefore, mu$
have been all along kept up by a number of

yearly recruits from other places, equal to-

about nfeventb part of the yearly births.

What has been now obferved, concerning
the period of life at which people remove
from the country to fettle in towns, would

appear furficiently probable, were there no
fuch evidence for it as I have mentioned ;

for it might be well reckoned, that thefe

people in general, muft be fingle perfons in

the beginning of mature life, who, not hav-

ing yet obtained fettlements in the places
where they were born, migrate to towns in

queft of employments.

Having premifed thefe Obfervations, I (hall

next endeavour to explain diftincl:ly,the effect

which thefe acceffions to towns muft have,
on Tables of Obfervation formed from their

bills of mortality. This is a fubjed: proper
to be infifted on, becaufe miftakes have been

committed about it ; and becaufe alfo, the

diicuffion of it is neceflary to {hew, how near

to truth the values of lives come as deduced
from fuch Tables.

The following general rule may be given
on this fubjed.

() It appears from the account in the Pkilofableat

Tratijafticns, ( Abiidgmfnt, vol. VII, No. 380-, pilfaKc.)
that from 1717 to 1725, the annual medium of births at

Brcfaw was 1252, of burials 1507; and alfo, that much
the greateft part of the births died under 10 years of

if



tables of Obfervations, &c. 241

If a place has, for a courfe of years, been
fnaintained in a ftate nearly ftationary, as to

number of inhabitants, by recruits coming in

every year, to prevent the decreafe thatwould
arife from the excefs of the burials above the

births j a Table formed on the principle," that the number dying annually, after every"
particular age, is equal to the number liv-

*j ing at that age," will give the number of

inhabitants, and the probabilities of life, too

great, for all ages preceding that at which the

recruits ceafe ; and after this, it will 'give
them right. If the acceffions are fo great as

to caufe an increafe in the place, fuch a Ta-
ble will give the number of inhabitants, and

the probabilities of life, too little* after the age
at which the acceffions ceafe (a] ; and too

great, if there is a decreafe. Before that age
it will in both cafes give them too great ; but

mod confiderably fo in the former cafe, or

when there is an increafe.

(a] Agreeably to thefe Obfervations ; if n place in-

creafes, not in confequence of accefiions from other

places, but of a conftant excefs of the births above the

deaths ;
a Table, conftru&ed on the principle I have

mentioned, will give the probabilities of lire too low

through the whole extent of life ; becaufe, in fuch cir-

cimftances, the number of deaths in the/r/? flages of

life mu ft be too great, in comparifon of the number

of deaths in the latter ttages ; and more or Jcfs fo, as the

increase
is more or lefs rapid. The contrary, in all re-

fpedts, takes place where there is a decreafe, ariiing from

the excels of the desths above the births.

R For
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For example. Let us fuppofe, that 244
of thofe born in a town, attain annually to

20 years of age; and that 250 more, all like-

vvife 20 years of age, come into it annually
from other places ; in confequence of which,
it has, for a courfe of years, been juft main-

tained in the number of its inhabitants, with-

out any fenfible increafe or decreafe. In thefe

circumftances, the number of the living in

the town of the age of 20, will be always

244 natives and 250 fettiers, or 494 in allj

and, ilnce thefe are fuppofed all to die in the

town, and no more recruits are fuppofed to

come in ; 494 will be likewife the number

dying annually at 20 and upwards. In the

lame manner; it will appear on thefe fup-

pofitions, that the number of the living, at

every age, fubfequent to 20, will be equal to

the number dying annually at that age and
above it; and, confequently, that the num-
ber of inhabitants and the decrements of life,

for every fuch age, will be given exactly by
the Table I have fuppofed. But for all ages

before 20, they will be given much too great.
For let 280 of all born in the town, reach

10. In this cafe, 280 will be the true num-
ber of the living in the town at the age of

io; and the recruits not coming in 'till 20,
the number given by the bills, as dying be-
tween io and 20, will be the true number

dying annually of the living in this divifion

of life. Let this number be 36 ; and it will

3 follow,
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follow, that the Table ought to make the

numbers of the living at the ages between 10
and 20, a feries of decreafing means between.

280 and (280 diminished by 36, or) 244.
But in forming the Table on the principle I

have mentioned, 250 (the number above 20

dying annually in the town who were not

born in it) will be added to each number in

this feries ; and, therefore, the Table will

give the numbers of the living, and the pro-
babilities of life in this diviiion of life, almofl

twice as great as they really are. This ob-

fervation, it is manifeft, may be applied to

all the ages under 20.

It is necefTary to add, that fuch a Table
will give the number of inhabitants, and the

probabilities of life, equally wrong before 20,

whether the recruits all come in at 20, agree-

ably to the fuppofition juft made, or only

begin then to come in. In this laft cafe, the

Table will give the number of inhabitants,

and probabilities of life, too great throughout
the whole extent of life, if the recruits come
in at all ages above 20. But if they ceafe at

any particular age, it will give them right

only from that age; and before, it will err all

along on the fide of excefs ; but lefs confi-

derably between 20 and that age, than be-

fore 20. For example. If, of the 250
I have fuppofed to come in at 20, only 150
then come in, and the reft at 30; the num-
bers of the living will be given 100 too high,

R 2 at
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at every age between 20 and 30; but, as ju$
{hewn, they will be given 250 too high at

every age before 20. In general, therefore,

the number of the living at any particular

age, muft be given by the fuppoled Table,
as many too great as there are annual fettlers

after that age -, and, if thefe fettlers come in

at all ages indifcriminately, during any cer-

tain interval of life; the number of inhabi-

tants and the probabilities of life will be

continually growing lefs and lefs wrong, the

nearer any age is to the end of that interval.

Thefe obfervations prove, that Tables of

Obfervation formed in the common way,from

bills of mortality for places, where there is

an excefs of the burials above the births,

muft be erroneous, for a great part of the du-

ration of life, in proportion to the degree of

that excefs. They ihew likewife, at what

parts of life the errors in fuch Tables are moft

contiderable, and how they may be in a great
meafure corre&ed.

All this I {hall beg leave to exemplify and

illuftrate a little further, in the particular cafe

of London.

The number of deaths, between the ages
of 10 and 20, is always fo fmall in the Lon-
don bills, that it feems certain few recruits

come to London under 20; or at leaft, not fo

many as before this age are fent out for edu-
cation to fchools and univerfities. After 20,

great numbers come in 'till 30, and fome,

perhaps,
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perhaps, 'till 40 or 50. But, at every age
after 50, it is probable, that more retire from
London than come to it. The London Tables
of Obfervation, therefore, being formed on
-the principle I have mentioned, cannot give
the probabilities of life right 'till 40. Be-
tween 30 and 40 they muft be a fittle too

high ; but more fo between 20 and 30; and
moft of all fo before 20. It follows allb, that

thefe Tables muft give the number of inha-

bitants in London much too great.
Table XII, in the Appendix, is a Table form-

ed in the manner I have explained, from the

London bills for 10 years, from 1759 to 1768;
and adapted to a 1000 born as a radix. The
fum of the numbers in the fecond column,
diminimed by half the number born, is 25,757.

According to this Table then, for every 1000
deaths in London t there are 25^ as many in-

hibitants
-, or, in other words, the expectation

of a child juft born is 25^; and the inhabi-

tants are to the annual burials, as
25-^-

to i.

. But it has appeared, that the numbers in

the fecond column being given on the fup-

pofition,
that all who die in London were born

there, muft be too great; and we have from

hence a DEMONSTRATION, that the probabi-
lities of life are given in the common Tables

of London Obfervations, too high, for, at leaft,

the firft 30 years of life; and alfo, that the

number of inhabitants in London muft be
Icfi,

than 251, multiplied by the annual burials.

-rr-The common Tables, therefore, of London.

R -i Oofer*
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Obfervations, undoubtedly want to be cor-

rected (a) ; and the way of doing this, and

in general, the right method of forming ge-
nuine Tables of Obfervation for towns, may
be learnt from the following rule.
" From the fum of all that die annually,

"
after any given age, fubtract the number

" of annual fettlers after that age j and the
*' remainder will be the number of the liv-

"
ing at the given age."
This rule can want no explication or proof,

after what has been already faid.

If, therefore, the number of annual fettlers

in a town at every age could be afcertained;

a perfect Table of Obfervations might be

formed for that town, from bills of mortality,

containing an account of the ages at which
all die in it. But no more can be learnt in

this inftance, from any bills, than the whole
number of annual fettlers, and the general
divifion of life In which they enter. This,

however, may be fufficient to enable us to

form Tables that mall be tolerably exact.

For inftance. Suppofe the annual deaths in

a town which has not increafed or dccreaied,

(a] The ingenious and accurate Mr. Simpfon faw that

it was necefTary to correct the London Tables, and he has

done it with great judgment; but, I think, too imper-
fectly, and without going upon any fixt principles, or

(hewing particularly, how Tables of Obfervation ought
to be formed, and how far in different circumftances, and
at different ages, they are to be depended on.

to
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to have been for many years, in the propor-
tion of 4 to 3, to the annual births. It will

hence follow, that 4 of the perfons who die

in fuch a town arefettiers, or emigrants from
other places; and not natives: And the fud-

den increafe in the deaths after 20, will alfo

ihew, agreeably to what was before obferved,

tha't they enter after this age. In forming,
therefore, a Table for fuch a town, a quar-
ter of all that die at all ages throughout the

whole extent of life, muft be deducted from
the fum of all that die after every given age
before 20; and the remainder will be the

true number living at that given age. And
if, at 20, and every age above it, this de-

duction is omitted, or the number of the

living at every fuch age is taken the fame

with the fum of all that die after it, the re-

fult will be (fuppofing moft of the fettlers to

come in before 30, and all before 40) a Ta-
ble exact 'till 20^; too high between 20 and

30 ; but nearly right for fome years before

40; and after 40 exact again. Such a Table,

it is evident, will be ihe fame with the Ta-

ble laft defcribed at all ages above 20; and

different from it only under 20. It is evi-

dent alfo that, on account of its giving the

probabilities
of life too great for fome years

after 20, the number of inhabitants deduced

from it may be depended on as fomewhat

greater than the truth; and more or lefs fo,as

the annual recruits enter in general later or

iboner after 20.

R 4 Let
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Let us now confider, what the refult of

thefe remarks will be, when applied particu-

larly to the London bills.

It muft be here firft obferved, that, at leaft,

one quarter of all that die in London zrefettlers

from the country, and not natives. The me-
dium of annual burials for 10 years, from

1759 to 1768,was 22,956; of births 15,710.
The excefs is 7246; or near a third of the

burials. The lame excefs, during 10 years,
before 1750, was 10,500; or, near half the

burials. London was then decreajing. For the

laft 1 2 or 1 5 years it has been increafmg. This

excefs, therefore, agreeably to the foregoing
obfervations, was then greater than the num-
ber of annual fettlers; and it is now

lefs.
I

have chofen, however, to fuppofe the num-
ber of annual fettlers to be now, no more thari

a quarter of the annual burials, in order to al-

low for more omiilions in the births than the

burials ; and alfo, in order to be more fure

of obtaining refults that (hall not exceed the

truth.

Of every thoufand tnen who die in Lon-

don, only 750 are natives, and 250 sre fet-

tters, who come to it after 1 8 or 20 years of

age : And, confequently, in order to obtain

from the bills a more correct Table than the

1 2th in the Appendix, 250 iiuift be fub-

tracled from every one of the numbers in the

fecond column 'till 20 ; and the numbers in

the third column inuft be kept the fame, the

bills' always giving thefe right. After 20,

3 the
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the Table is to be continued unaltered ; and
the refult will be, a Table which will give
the numbers of the living at all ages in Lon~
don much nearer the truth, but ftill fome-
what too high. Such is the i ^th Table in

the Appendix. The fum of all the numbers
in the lecond column of this Table, dimi-
nimed by 500, is 20,750. For every 1000
deaths, therefore, in London, there are, ac-

cording to this Table, 20,750 living perfons
in it; or for every fingle death, 20^ inhabi-

tants. It was before (hewn, that the num-
ber of inhabitants in London could not be ib

great as 25 times 1 the deaths. It now ap-

pears, (fince the numbers in the fecond co-

lumn of this Table are too high) that the

number of inhabitants in London cannot be

fo great as even 20 times i the deaths. And
this is a conclufion which, I believe, every
one who will beftow due attention on what
has been faid, will find himfelf forced to re-

ceive. It will not be amifs, however, to

confirm it by the following fact, the know-

ledge of which I owe to the particular en-

quiry, and kind information of Mr. Harris^

the ingenious mafter of the Royal Mathema-
tical School in (Thrift-Church Hofpital.
The average of lads in this fchool has, for 30

years part, been 831. They are admitted at

all ages between ieven and eleven ; and few

ftay beyond 16. They are, therefore, in ge-
neral lads between the ages of eight and 16.

They have better accommodations than it

can
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can be fuppofed children commonly have ;

and about 300 of them have the particular

advantage of being educated in the country.

In fuch circumftances it may be well reck-

oned, that the proportion of 'children dying

annually, muft be lefs than the general pro-

portion of children dying annually at the lame

ages in London. The fact is, that, for the

laft 30 years, 1
1-^.

have died annually; or one

in 70r-

According to Table XIII, one in 73 dies

between to and 20, and one in 70 between

eight and 16. That Table, therefore, pro-

bably gives the decrements of life in London,

at thefe ages, too little, and the numbers of

the living too great : And, if this is true of

thefe ages, it muft be true of all other ages
under 20 ; and it follows demon ftrably, in

conformity to what was before (hewn, that

more people fettle in London after 20, than

the 1 I have fuppofed ; and that from 20 to

at leaft 30 or 35, the numbers of the living
are given too great, in proportion to the de-

crements of life.

In this Table the numbers in the fecond

column are doubled at 20, agreeably to what

really happens in London; and the fum of

the numbers in this column diminimed by
half the whole number of deaths, gives the

expectation of life, not of a child juft born,
as in other Tables, but of all the inhabitants

of London at the time they enter it, whether
that be at birth, or at 20 years of age. The
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expectations, therefore, and the values ofLon-
don lives under 20, cannot be calculated from
this Table. But it may be very eafily fitted

for this purpofe, by rinding the number of

births which, according to the given decre-

ments of life, will leave 494 alive at 20 ;

and then adapting the intermediate numbers
in fuch a manner to this radix, as to preferve
all along the number of the living, in the

fame proportion to the numbers of the dead.

This is done in the i/j-th
Table in the Ap-

pendix; and this Table may, I fancy, be re-

commended as better adapted to the prefent
flate of London than any other Table. The
values of lives, however, deduced from it,

are in general nearly the fame with thofe de-

duced by Mr. Simpfon, from the London bills

as they flood 40 years ago. The main dif-

ference is, that after 52, and in old age, this

Table gives them fomewhat lower than Mr.

Simpforis Table.

It has fufficiently appeared, what judgment
we are to form of the values of lives thus

deduced. During the greateft part of the

interval of life, in which the annual recruits

that keep up London come to it, thefe values

err on the fide of excefs ;
and after that in-

terval, they err, perhaps, a little on the fide

of defeft (a), on account of retirements from

London in the laft flages of life.

The

(a] I have not taken into account the effect of migra-

iionsfrom towns, on Tables formed in the manner I have

explained ;
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The number of inhabitants in London may
alfo be learnt from what has been offered,

more
<" V--'

explained ; becaufe, towns in general being kept up by
recruits from the country, the migrations^;/* them are

of little confequence, compared with the migrations ts

them. Thus j in LONDON, it appears, from the much

greater number of deaths between 40 and 50, than in

any other equal interval of life after 10, that more peo-

ple come to it than leave it, at every age between 20 and

50. After 50, it is probable, that the contrary happens.
But, it fhould be confidered, that emigrants from LON-
DON after 50, are chiefly perfons who, having got for-

tunes in bufmefs, chufe to leave off, and to fpcnd the

latter part of their lives in country retirements. But
how few are thefe compared with the multitudes who,
tho' poflefled of good fortunes, never retire j and with

the bulk of the inhabitants in lower ftations, who nver
can be able, without the greateft inconveniencies, to quit
the fettlements by which they are fupported ? It is, how-

ever, likely, that retirements from LONDON are now
more numerous than they ever were j and that they have

feme effect on the bills of mortality, and on Tables formed

from them; by caufmg thefe Tables to give the number
of the living too little, in comparifon with the decrements

of life, at every age, from that at which the migrations
to and from London become equal, to the age at which,
the latter ceafe. To explain this ; let us fuppofe, that

none fettle in LONDON after 50 ; but that, between 35
and 50, as many come to it as retirp from it at all ages
after 35; and that thefe retirements ceafe at 70. In this

cafe, the Tables will give the proportion of the living
to the decrements of life poo high '//'// 35. At 35, this

proportion will be given right. After 35, it will begin
to be given too low

;
and this error will increafe 'till 50;

from which age it will decreafe gradually 'till it vanifhes

at 70: And after 70, the Tables will be exactly right

a.gain. This is the exact ftate of the effect of retire-

ments from London, on the London Table of Obfervations.

But this effect appears, indeed, to be inconfiderable ; f:>r,

after
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more nearly than by any method which has
been hitherto taken. It cannot, it has been

{hewn, exceed 20 times ~ the number of an-

nual deaths. Could, therefore, the annual
deaths be afcertained, we mould know the

number of inhabitants within pretty narrow
limits. But the omiffions in the bills are

fuch, that it is not poffible to afcertain, with

exactnefs, the annual deaths. Dr. Braken-

ridge fuppofed thefe omiffions to amount to

2000 annually. The refult of a very minute

enquiry by Mr. Maitland is, that in the year

1729, they ^amounted to 3038. But they
are probably now much more coniiderable,

than either of thefe writers have reckoned

them (a). Let them be 6000 3 and the num-
ber of inhabitants will be 601,750 at mofl.

All the preceding Obfervations are, it ii

plain, applicable to bills of mortality for

towns in general -,
and point out the way of

deducing from them genuine Tables of Ob-

after 50, the values of lives by the London Table, are

continually approaching nearer and nearer to the fame

values by other Tables ; which could not happen were

retirements attended with any great effect. It is proper
to add, that in fumming up, as above-explained, the

numbers of the living, in order to find the number of

inhabitants in London^ the circumftance that thefe num-
bers may be too fmall for fome years after 40 or 50, in

confequence of retirements, is, undoubtedly, much more

than balanced by their being given too high between 20

and 40.

(a] Vid. Preface to a Collection of the Bills of Mor-

tality from 1657 to 1758, p. 4, &c.

ferv.itions,
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fervations, which fhall give the true proba-
bilities and values of lives, and the true num-
ber of inhabitants, in the town whofe bills

are given. I mall beg leave to confirm and

illufrrate this, in the particular cafe of the

town of NORTHAMPTON.
In this town, containing four parishes,

namely, All- Saints, St. Sepulchre's, St. Giles,

and St. Peter s, an account has been kept ever

fmce the year 1741, of the number of males

and females that have been chriftened and

buried (Diffenters included) in the whole
town. And in the parifh of Alt-Saints, con-

taining the greateft part of the town, an ac-

count has been kept ever fmce I735> of the

ages at which all have died there.

In 1 746, an account was taken of the num-
ber of houfes, and of inhabitants in the town.
The number of houfes was found to be 1083 ;

and the number of inhabitants 5136. In the

parifhes of All-Saints and St. Giles, the num-
ber of male andfemale heads of families, fer-
iiants, lodgers, and children, were particularly

diftinguifhed. The beads offamilies \vcrc,yo^
males ; and 846 females. Children, males

6245 females 759. Servants, males 203;
females 280. Lodgers, males 137; females

287. In St. Peter s, males 99 ; females 129.
In St. Sepulchre s, adults 638 ; children 427.

In this parifh the fexes were not diftinguim-
ed.

The
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The Chrijlenings and Burials in the whole

town for 28 years, from 1741 to 1770, have
been as follows.

Chriftened
j 4649 __ Annual medium ^

x> , f Males 2869 1
Buried

| Fem> 2g 7 g J 5747 Annual medium 191

In the parifh of All-Saints, from 1735 to

1770, or 36 years,

Chriftened
\^s

\\fQ \ 3242 -Annual medium 90

T, . . 5 Males i8<;6? x
Uuried

| Fem . j 874.} 3 9 Annur" medium J02|

Of thefe died,

Under 2 years of age 1206
Between 2 and 5 276
Between 5 and 10 155
Between 10 and 20 155
Between 20 and 30 297
Between 30 and 40 257
Between 40 and 50 297
Between 50 and 60 300
Between 60 and 70 293
Between 70 and 80 285
Between 80 and 90 155
Between 90 and 100 14

Total 3690

ATa-
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A Table formed from thefe data in the

.manner of Table XII j or, on the fuppofition,
that all who die in Northampton were born

there, would give the- expiation of a child

juft born 28.83 years ; or, the proportion of

the inhabitants to the annual deaths, as 28.83
to i. It has been (hewn, that this propor-
tion, in a place where the burials exceed the"

births, mutt be greater than the true propor-
tion of the number of inhabitants to the an-

nual deaths : And this appears to be the real

cafe. For the bills mew, that, from 1741
to 1750, or for 10 years, about the time

when the number of inhabitants was 5136,
the annual medium of burials was 197.5;
which, multiplied by 28.83, gives 5693; or

a 9th part more than the true number.
A Table formed in the manner of Table

XIII, would give the proportion of inhabi-

tants to the annual deaths, as 26.41 to i ;

and this makes the inhabitants 5216; or

very near the true number.
The IVth Table, in the Appendix, is form-

ed in the fame manner with Table XIV, for

London: And this is the genuine Table of

Obfervations for Northampton, from which

may be calculated the true probabilities and
values of lives, at all ages, in that town.

At NORWICH, bills of mortality, of the

fame kind with thofe in London and North-

ampton, have bjen kept for many years. I

hav*
.

eoi:
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have been favoured with a copy of thefe bills

for 30 years, from 1740 to 1769. The an-
nual medium of

cbriftenings, during this pe-
riod, has been 1057 (a), of burials 1206.
And from hence, together with the account
of the numbers dying in the feveral decads
f life, after 10, I have formed Table V,
which (hews the true probabilities of life in

this town.

The following particulars feem to defervd

notice here.

Firft. Had thefe Tables been formed
from the NORTHAMPTON and NORWICH
bills, for no longer time than any 10 years
taken together, of the periods I have men-
tioned y they would have given the probabi-
lities and values of lives nearly the fame.

Thefe Tables, therefore, are founded on a

fufficient number of Obfervations ; and it

appears, that there is an invariable law which

(a] In this regifter all that die before baptifm, and

alfo all that are born and die among Quakers^ Jewsy &c.-

are omitted. There are alfo fome other omiflionsj and

the true annual medium of births and burials muft be

greater than they are given in the bills. But this will

have no eftedl on a Table of Obfervations, fuppofmg
the proportions of the births to the burials, and of the

numbers dying in the different ftages of life, given right*

It is proper I (hould mention further here, that thefe

bills give only the whole number of children dying un-

der 10, without fpecifying the numbers dying under.two

years of age, between 2 and 5, and between 5 and 10,

as in other bills. I have, therefore, in forming the Ta-
ble for NORWICH, fuppofed the proportions of thefe num-
Wrs the fame that they are at NORTHAMPTON.

S governs
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governs the vvafte of human life in thefe

towns. The fame remark might be made

concerning LONDON (a). See p. 251.

Secondly. An account was taken at

SHREWSBURY, in 1750, of the whole num-
ber of inhabitants ; diftinguiming, particular-

ly, the number at the age of 21 and up-
wards. The former number was 8141 ;

and the latter, 5187. According to a Ta-
ble formed for NORTHAMPTON, in the fame

manner with Table XIII, for LONDON, the

whole number of the living is to the num-
ber of the living at 2 1 and upwards, as 26,41 1

to 16,586 > that is, as 8141 to 51 13. Ac-

cording to a like Table for NORWICH, thefe

numbers are to one another, as 24,500 to
"iHj i* !

'

1 * ' -It t .
< f

"

.

' "f
'

t

. (a) Some have entertained a very wrong notion of the

imperfections in the LONDON bills. They do, indeed,

give the tubole number of births and deaths much too lit-

tle ; but the conclufions with refpect to the probabilities
of life in LONDON, and the proportion of inhabitants

dying annually, depend only (agreeably to the obferva-

tion in the laft note) on the proportions of the numbers

dying in the feveral divifions of life; and thefe are given

right in the LONDON bills. For firft. There feems no-

thing in this cafe, that can be likely to caufe the defici-

encies in the bills to fall in one divifion of life more than

in another : But what decides this point is, that thefe

proportions, as given by the bills for any ten, or even any
five years, come ouv nearly the f-me with one another;
and always very different from the proportions given by
other bills. There are no other variations, than fuch as

muft arife from the fluctuations ofLONDON, as to increafe

and decreafe ; and aifo from fome improvements in its

ftate, which have lately taken place. See Effoyl. y. 190,
191, 201.

15,680;*
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ic.68o; that is, as 8141 to 5210. Thefe

Tables, therefore, give the proportion of the
whole number of inhabitants, to the number
of the living at 21 and upwards, almoft ex-

actly the fame with the true proportion, as

it is at SHREWSBURY (a) : And this affords a

kind of demonstration of the rectitude of the

principles on which thefe Tables have been
formed.

In the parifh ofHoLY-CRoss nearSnREws-
BURY, an account was taken, in 1760 and

1770, of the whole number of inhabitants j

diftinguifhing, both times, the number at the

age of 70 and upwards ; and the
laft time,

the number at 10 and upwards : And, I find,

that a Table formed from the Regifter of this

parifh, mentioned p. 192, gives, likewife, thefe

numbers as nearly the fame as could poffibly
be expected.

But further. The number of inhabitants,

not reckoning children, in the parimes of Sf.

(a] The annual medium of births at SHREWSBURY,
for 7 years,

from 176210 1768, was 301 j
of burials,

329. It appears, therefore, that one in 244 of the inha-

bitants die annually. But it fhould be remembered, that

in 1766, the fmall-pox and meafles increafed very much
the mortality in this town ; and I find alfo, that, fince

1750, a nurfery for foundlings from LONDON, \vas eflab-

lilhed herej and that in 1768 this nurfery contained

660 children and fervants. It feems, therefore, probable,

that the true medium of burials about the year 1750, ir.uft

have been lefs than 329 j and that the proportion 06

inhabitants dving annually, may not be much greater

than it i a H NORTHAMPTON ; or i in 26.41.

S 2 Gikt
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Giles and Aft-Saints, NORTHAMPTON, was,

in 1746, 2460 ; and the 'whole number of in-

habitants in thefe two parifhes was 3843.
See p. 254. In the account I have received,

the particular age at which the limit of child-

hood was fixed in taking this furvey, is not

mentioned j but there is fufficient reafon to

believe, that it was 21 : And, taking this for

granted,, the number of inhabitants, not chil-

dren, will come out, (by fuch a Table for

NORTHAMPTON, as Table XIII for LON-

DON) 2414; or, nearly the fame with the

number really found in thefe parifhes. Had
this number been computed, from a Table
formed forNoRTHAMPTON, in the manner of

Table XII, Appendix, it would have come out

only 2 1 76. This remark is applicable to the

Table for Brejlaiv, formed by Dr. Halley,

compared with the fame Table, corrected for

all the ages under 20 (a), by the rule, p. 246.

(*) I have given Dr. Halley's Table in the Appendix
juft as he framed it. A correction of it might be made
from the proportion of births to buriils, mentioned p. 239.
And it would then appear, that a 25th part of the inha-
bitants at Brfjlaw die annually; and that half the num-
ber born die there under fix, as well as at Norwich. This
Table, as we now have it, makes half live to 16; but
the account mentioned in the note, page 240, (hews this

not to be the truth. It likewife makes the number of
inhabitants at SHREWSBURY, above the age of 21, to be

4730; and in the parifhes of All'Saints and St. Giles in

NORTHAMPTON, 2230. It gives, therefore, thefe num-
bers wrong j whereas, as obferved above, a corrected Ta-
ble would give them true.

The
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The neceffity, therefore, of this correction is

verified by fads $ and it appears, abundantly,
that the Tables I have given for NORTH-
AMPTON and NORWICH may be depended
on.

But, thirdly. In comparing thefe two Ta-
bles, it may be obferved, that there is a dif-

ference between them in favour of NORTH-
AMPTON, fewer dying there in childhood,
tmd more in old age. The fame would be
found to be true, were the NORTHAMPTON
Table to be compared with a corrected BRES-
LAW Table. It appears, therefore, agree-

ably to what might have been expected, that

NORTHAMPTON, being a fmall town com-

pared with BRESLAW and NORWICH, is lei's

unfavourable to health and longevity. The
difference, however, is not confiderable. Af-

ter the age of 20, there is a ftriking confor-

mity between all the three Tables, which

gives them great weight and authority.
Further. It ought to be particularly no-

ted, that thefe Tables prove, the decrements

of life in moderate towns, to be nearly equal
thro' moft of its ftages. At NORTHAMP-
TON it appears that, of a given number of

perfons
alive at 20, the fame number die

every year 'till 78, without any interruption

worth notice, except between the ages of

30 and 40. A like uniform decreafe in the

probabilities of life appear in the BRESLAW
S i and
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and NORWICH Tables; but not fo remark-

ably. It was this circumftance in the BRES-

LAW Table, that led Mr. De Moivre to the

Hypothefis,
defcribed in p. 2, and fo often

mentioned in this work. The values of lives,

I have faid, deduced from this Hypotbejis,

agree fo nearly with the fame values deduced

immediately from theTa.bles,that it is fcarce-

ly worth while to diftinguifh them, But that

every one may be able to judge of this for

himfelf, I have calculated (a) the following
Table.

It may be obferved in this Table, that the

values, by the Hypotbefts, come nearer to the

true values by the NORTHAMPTON and

NORWICH Tables, than by the BRESLAW
Table ; and alfo, that, before the age of 60,

they are all much higher than the values for

(a] Every calculation of this kind may be made with-
out much labour, by a rule explained in note (O) Ap-
pendix.

the
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the fame ages in LONDON by Table X; the
inhabitants of London, (as Mr. De Moivre ob-
ferves) being forcaufes (a) too well known," more fhort-lived than the reft ofmankind."
The Hypothecs, therefore, is by no means

applicable to LONDON lives. It is proper to

add, that neither can it be applied to the va-
luation of COUNTRY lives. It appears, from
the regifter of the

parifli of Holy-Crofi (b\
that the

expectations of lives there are much
greater than the expeftatiom by the Hypothecs.
The

expettation there of a life (c]
At 20 is 38 ByHyfot&.M InL d> 28.9

27 33-9 29.5 25.1
3 3 2 28 23.6
40 25.7 23 19.6
50 20 18 16

60. 14.5 13 12.4

70 10 8 8.8

From

(a] Do&rine of Chances, p. 347.

(b] See Efiay I. p. 191. I have not given the Table
of Obfervations from whence thefe conclufions are de-

duced, becaufe it is poflible, fome may think 20 years not
a period long enough, to afford data in this cafe of fuffici-

ent authority. I have in p. 257, mentioned a fact which
feems to prove the contrary. It is, however, certain,

that the fame regifter continued 10 or 20 years longer,
will afford data more to be depended on.

(c] The expectation of a child juft born in this parifii,

is 33. At NORTHAMPTON, 254. At NORWICH, 231.
In LONDON, 18. in this parifh, I in n dies at 80, and

upwards. In NORTHAMPTON ; j in 22. In NORWICH j

i in 27. In LONDON; iin4o. See Eflay L p. 200.

84 I will
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From this comparifon it appears, that the

Uypotbefis, from 20 to 60, gives nearly the

medium

I will add, that the probabilities of life here, appear to

be much the fame, with the probabilities of life among
the minifters and profeflbrs inScoTLAND. This is a fact

of fome confequence ; and, therefore, I (hall beg Jeave
to give a brief account of it.

The mean age at which the minifters and profeflbrs

enter into benefices and profeflbrfhips in Scotland, is reck-

oned to be 27. Their number is 974. The eftablifh-

ment among them for providing for their widows, begun
on the 25th of March 1744 ; from which time toNovem-

far 22, 1768, 721 have died: That is, 29.23 annually;
or i in 334. The expectation^ therefore, of a life among
them, at the age of 27, is 33^; which is nearly the fame

with the expectation^
as given above, of a life of the fame

age in the parifh of Holy-Croft \ and 34 years more, than

the expectation of the fame age by Tables III, IV and V.

Now, the expeclatioH at a given age, being compofed
of all the probabilities of life from that age to the extre-

mity of life; there arifes from hence reafon for conclud-

ing, that the probabilities of life among the minifters in

Scotland, cannot differ much in any part of life, from
thofe in this parifh. But there is another fal that con-
firms this obfervation.

The annual average of weddings among the minifters

and profeffors in SCOTLAND, for the laft 24 years, has

been at moft 32. The average of married perfons among
them, for 17 years ending in 1767, had been 667. This
nuo/oer, divided by 32, gives 20.84, the expectation of mar-
ri : among them ;

which is 2-^ years more than the ex-

fettation o: marriage would be, by Dr. Utlley's Table, on
the fuppofitioH, that all ift, 2d and 3d marriages may be

juftly confidered as commencing, one with another, fo

early as the age of 30. The expectation of two equal
joint lives is to the expectation of zfingle life of the fame age,
as 2 to 3, by note (L) Appendix. It follows, therefore, that

3mong the minifters in Scotland, the expectation of ifmgle
life
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medium between the expectations ofLONDON
and COUNTRY lives ; and for this reafon it is

excellently adapted to general ufe. After 60,
the expectations and values of lives in LONDON
approach nearer and nearer to the expectations
and values of lives in 'Northampton, Norwich
and Brejlaw ; 'till, at 70, they come to be

almoft the fame. This is a circumftance

which, I believe, has not been attended to:

And it is the more furprizing, as there is no

caufe known, which can produce any error

in the values of lives after 60, deduced from
the LONDON Table, except migrations from

London ; and the effecl: of theie mufl be to

diminifl) thefe values.

The following obfervations will, perhaps,
account for this.

It has been proved, that at lead ka/fihc
inhabitants of LONDON, turned of 20 years

of age, are emigrants to LONDON from the

country. So great a change as that, from

the country air and modes of life, to the air

and modes of life in London, mud be parti-

life at 30 cannot be lefs than 31.26. Moft probably it

is morej on account of the later commencement of mar-

riage in the fituation of the Scotch miniltcrs. I reckon

alfo, that 27 muft be lefs than the mean age at which

they enter their benefices and
profeflorfliips j meaning

by it, not the age on each fide of which equal numbers

enter ; but the age at which, the excels of the interval

of time taken to enter on one fide, is juft fuch as to com-

penfate the greater numbers who enter on the other fide.

See the condufion of note (F) Appendix.

cu.larly
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cularly hurtful to thefe perfons; and, there-

fore, (except infants] it is in them, probably,
that the pernicious influence of'London on its

inhabitants chiefly appears. They come in

at every age 'till near 50 ; and this is the rea-

fon why the deaths continually increafe in

London 'till that age ; but, after that age, the

inhabitants confuting chiefly of perfons, who

(like men nfed to drink) have been feafoned to

London, or with whom it does not happen
particularly to difagree; the number of deaths

becomes lefs, and the values of lives begin to

approach nearer to the common flandard in

other towns.

There is one more facl: which I (hall here

take notice of; and which deferves more at-

tention than has been hitherto beftowed upon
it. I mean ;

" the difference between the
"

probabilities of life among males and fe-
"

males, in favour of the latter."

From the account in p. 254, it appears, that

at NORTHAMPTON, tho' morema/es are born

than females, and nearly the fame number
die; yet the number of livingfemales is greater
than the number of malesy in the proportion
of 2301 to 1770, or 39 to 30. This cannot

be accounted for, without fuppofing, that

males are more mort-lived thanfemales. One
obvious reafcn of this facl: is,, that males are

more fubjcft to untimely deaths by accidents

of various kinds ; and alfo, in general, more
addiSed to the exceiTes and irregularities

5 which
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which fhorten life. But this is by no means
the only reafon. For it (hould be obferved,
that at NORTHAMPTON the number offe-
male children was, in 1746, greater than the

number of male children, in the proportion of

759 to 624. The greater mortality of males,

therefore, takes place among children. But

this, together with the greater mortality in

general of males at all ages, will more parti-

cularly appear from the following recital of

fads.

In the parifh of Holy-Crofs, Salop, the inge-
nious Vicar, Mr. Gorfucb, in 1760, and again
in 1770, took the number of male and fe-

male inhabitants turned of 70. In 1760, the

number of females turned of this age, was

35; of males, 8. In 1770, thefe numbers

were, females, 35; males, 26. And for the

lafl i o years u, out of 365 have died be-

tween the ages of 85 and 102; and they
were all females.

At BERLIN, it appeared, from the accu-

rate account which was taken of the inhabi-

tants in 1747, and whicn has been mentioned

in p. 219, that the number vifemale citizens

exceeded the number of male citizens, in the

proportion of 459 to 391 : And yet, out of

this fmaller number of males, more had died,

for 20 years preceding 1751, in the propor-
tion of 19 to 17 (a).

(a] Vid. Sufmilcb, p. 8, and p. 32, &c. where a mi-

nute account is given of the number of males and females

at BERLIN in 1747; and alfo, of the numbers of each

fex that had died from 1722 to 1750.
At
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At EDINBURGH, in 1743, the number of

females
was to the number of males, as 4 to 3 ;

(See Eflay I. p. 2 1 1
)
but the females that died

annually, from 1749 to 1758, were to the

males, in no higher proportion than 34 to 3.

Before 1749, the bills give the totals of bu-

rials, without diftinguifhing them into the

totals of males and females dying every year.
Mr. Kerfeboom, in his Eflay on the num-

bers of people in HOLLAND, informs us,

that from the Tables of aflignable Annuities

for lives in HOLLAND, which had been kept
there for 125 years, wherein the ages of the

perfons dying are truly entered ; it appears,
that females have, in all accidents of age,
lived about 3 or 4 years longer than the fame
number of males. See P

hilofophical Tran-

faftions abridged, Vol. IX, p. 326.
In Volume the 7th of the Philofopbical

Trarjaftions abridged, Part IV, p. 46, &c.
there is an account of the numbers of male

and female ftill-born children and chryfoms,
and of boys and girls under 10, of married

men and married women, and of widows
and widowers, who died for a courfe of years
at Vienna, Bre/law, Drefden, Leipfa, Rati/bon,
and fome other towns in GERMANY.
He that will take the pains to examine

thefe accounts will find that, though in thefe

towns the proportion of males and females

is no higher than 19 to 18, yet the

pro-*
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proportion of boys and girls (a) that die is

8 to 7 ; and that, in particular, t\\ej}ill-born
and chryfom males, are to the flill-born and

chryfomfemales, as 3 to 2.

In thefe accounts it appears alfo, that of

7270 married perfons who had died in thefe

towns (b), 4336 were married men, and but

2934.married7w; that is, three marriedmen
died to two married women. The fcheme for

making provifion for the widows and orphans
of the minifters in SCOTLAND, has obliged
them to keep an account of the number of

weddings among them, and the number of

widows left annually; and it appears, from
the reports of the truftees for carrying this

fcheme into execution, that the annual me-
dium of weddings (c),

is (as obferved in the

note, p. 264) at moft 32. And the annual

(a) In the accounts from Erejlaw it is particularly

mentioned, that by boys and girls are meant children to

10 years of age, of whom, for 8 years from 1717 to 1725,

fsven males died to fix females, exclufively of theJlill-born

and chryfoms.

(b) In Brejlaw alone, for the eight years mentioned in

the 1 aft note, 1891 married men died, to 1196 married

women ; that is 5 to 3. In Drefden alone, for five

years, thefe numbers were 1080 and 849.

(r)
The annual medium of weddings, among the mi-

nifters admitted to benefices, has been, for 24 years from

the commencement of the fcheme, 27. Befides thefe I

find there have been 4 weddings annually among them,

before
admiflion to benefices. The whole annual medium,

therefore, is no more than 31. But 1 have fuppofed it

32, in order to go upon more fure grounds.
medium
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medium of widows, who have come upon the

fcheme for 24 years, is 20. Of 32 marriages
then contracted annually, 20 become extincft

by the deaths of bit/bands; and but 12 by the

deaths of wives. That is; among the mini-

fters and proieflbrs in SCOTLAND, 20 mar-
ried men die to 1 2 married women ; or 5 to 3.
It appears, therefore, that there is the chance

of 3 to 2, and in iome circumftances even a

greater chance, that the woman mall be the

furvivor of a marriage, and not the man. In

order to account for this by the difference of

age between men and their wives, this dif-

ference ought to be at leaft 12 years (a).
That is ; fuppofing the mean age at which
women marry to be 23, the mean age at

which men marry ought to be 35. But this

feems to exceed the bounds of credibility ;

and, therefore, very probably, the greater

mortality of males muft operate in this cafe.

It is further obfervable in the accounts from

Germany, to which I have referred, that the

number of widows dying annually, is four

times the number of widowers (b) j and, as

widows
. .".* -. -'.-

- ~ -

(a] The chance of furvivorfhip between two perfons

aged 21 and 34, is nearly 3 to 2 in favour of the former.

There is the tame chance of furvivorfhip between 25
and 37; and 28 and 39. This may be learnt from Pro-
blem XVI, in Mr. De MsivrSs Treatife on Life-Annul-
tits,.

(b} In Drff.kn alone, the number of wide-jus who died,
in four years, was 584. The number of widowers, 149,
That is j 4 to i. It appears from note (b} in the laft

page.
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widows are certainly, one with another, feve-

ral years younger than widowers ; it may be
concluded from hence, that the number of
the former in life together could not be lefs

than five times the latter. This fadl is like-

wife confirmed, by the obfervations which
have been made among the minifters in Scot-

land. At the commencement of the fcheme
which I have fo often had occafion to men-

tion, an account was taken of the number of

the widows of minifters in the whole coun-

try. 364 were counted ; and, probably, the

true number was greater. See p. 95 and 96.
On the contrary; the number of widowers

among the minifters has, one year with an-

other, been fcarcely 90 ; that is, not fo much
as a quarter of the number of widows. It

may be eafily feen, and it would not be dif-

ficult to demonftrate, that neither the greater
number of peribns left widows, nor any pro-
bable fuppofition concerning the greater fre-

quency of marriages among widowers, can

completely account for this, without admit-

ting the greater mortality of males. This,

therefore, appears, on the whole to be a fa<fl

page, that the chance of fjrvivorfhip in this city in fa-

vour of the wife, is lefs than among the minifters in

Scotland. Does not this fa& afford a reafon, additional

to that mentioned above, and in p. 92, 93, 94- &c. and

notes (A) and (Fj, for believing^ or at \&&fufytRtrfg
that

the number of widows on the Scotch eftablifnment, if

marriage does not decline among the minifleis, will not

at laft be found to be fo little as 400 ?

well
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well eftablifhed : And it fellows from it, that

in order to calculate the values of Life-An-
nuities and Reverjions with exadnefs, there

ought to be diftincl Tables of the probabili-
ties of life for males and females. But there

are no fuch Tables extant ; nor, indeed, has

it been fufpedted, that there is fo much oc-

cafion for them as the fads I have mention-

ed feem to {hew. All that is neceflary to

obtain the proper data for forming fuch Ta-
bles is, that the fexes as well as the ages of

the dead mould be fpecified in the bills ; and

this is an improvement of bills (a) of mor-

tality which would give little trouble, and

which, therefore, I hope, will be fome time

or other made.

It has been obferved, that the author of

nature has provided, that more males fhould

be born than females, on account of the par-
ticular wade of males, occafioned by wars and
other caufes. Perhaps it might have been

added, that this provifion had alfo in view,
that particular weaknefs or delicacy in the

conftitution of males, which makes them
more fubjecl: to mortality ; and which, con-

(a) This improvement would be rendered more com-

plete, by diftinguiihing the males that die, under the de-

nominations of married men, widowers^ and batchelors ;

and the female's, under the denominations of married wo-

men, widmvs^ and virgins. The ufe I have made of fome
accounts of this kind which have been kept in Germanv,
(hews that this would be of confiderable fervice.

fequently,
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fequently, renders it neceflary, that more of
them mould be produced, in order to pre-
ferve in the world a due proportion between
the two fexes.

In the courfe of this EfTay, it has often

appeared, that I have been particularly in-

debted to an information which I have re-

ceived from NORTHAMPTON. I mould be

inexcufable, did I not mention, that I owe
this information to Mr. Lawton, an ingeni-
ous gentleman in that town, who has pre-
ferved the bills of mortality there with much
care, and been very obliging in communica-

ting them to me. It is much to be defired,

that like accounts were kept in every town
and parim. It would be extremely agree-
able to learn from them the different rates

of human mortality in different places, and

the number of people and progreis of popu-
lation in the kingdom, The trouble of keep-

ing them would be trifling; but the inftruc-

tion derived from them (a), would be very

important. I have already propofed one im-

provement of fuch accounts. I will add, that

they would be ftill more ufeful, did they give
the ages of the dead after 10, within periods
offoe, inftead of ten years. During every

period, fo fliort Sisfoe years, the decrements

of life may, in conftru&ing Tables, be fafely

(a} See Effay I. p. 207, 268*

T taken,
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taken to be uniform. But this cannot be e-

qually depended on, in periods fo long as ten

years.
There is yet another improvement of thefc

accounts, which I will take this opportunity
to mention. They mould contain not only
a lift of the diftempers of which all die, like

that in the London bills \ but they (hould fpeci-

fy particularly the numbers dying of thefe dif-

tempers, in the feveral divifions of life. Ac-
curate regifters of mortality kept in this man-

ner, in all parts of the kingdom ; and com-

pared with records of the feafons, and of the

weather, and with the particular circum-

ftances which difcrhninate different fituations,

might contribute, more than can be eafily

imagined, to the increafe of pbyfical know-

ledge. But to proceed no farther in thefe

Obfervations ; I mall now beg leave to {hut

up this whole work with the following ge-
neral reflexion.

I have reprefented particularly, the great
difference between the probabilities of hu-
man life in towns and in country parifhes ;

and from the fads I have recited, and the

obfervations I have made, it appears, that

the further we go from the artificial and ir-

regular modes of living in great towns, the

fewer of mankind die in the Jirft ftages of

life, and the more in its lajt itages. The
lower
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lower animals (except fuch (a) as have been
taken under human management) f^m in

general to
enjoy the full period of exiftei.ce

allotted them, and tp die chiefly of old age :

And were any obfervations to be made among
favages, perhaps the fame would be found to

be true of them. DEATH is an evil to which
the order of providence }ias fubjeded every
inhabitant of this earth

-,
but to man it has

been rendered unfpeakably more an evil than

it was defigned to be. The greatest part of

that black catalogue of difeafes which ravage
human life, is the off-fpring of the tender^

nefs, the luxury, and the corruptions intro-

duced by the vices and falfe refinements of

civil fociety (b). That delicacy which is in-

jured

(fl) Calves are the only animals taken under our pe-
culiar care immediately after birth ; and, in confequence
of then adminiftring to them the fame fort of phyfic that

is given to infants, and treating them in other refpects in

the fame manner, it is probable, that more of them die

foon after being born, than of all the other fpecies of

animals, which we fee in the fame circumftances. See

the Comparative View of the State and Faculties ofMan with

thofe of the Animal World, p. 23. It is, indeed, melan-

choly to think of the havock made among the human

fpecies by the unnatural cujloms as well as the vices, which

prevail in polifhed focieties. I have no doubt, but that

the cuftom, in particular, of committing infants, as fooa

as born, to the care of
'

fafter -mothers, deftroys more lives

than the fword, famine and peftilence put together.

(b] The ingenious and excellent writer quoted in the

laft note, obferves, that the whole clafs of difeafes which

arife from catching cold, are found only among the ci-

d part of mankind, p. 51. And, concerning that

T a lufs
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jured by every breath of air, and that rot-

tennefs of conftitution which is the effedl of

intemperance and debauchery, were never in-

tended by the author of nature ; and it is

impoffible, that they mould not lay the foun-

dation of numberlefs fufferings, and termi-

nate in premature and miferable deaths.

Let us then value more the fimplicity and

innocence of a life agreeable to nature ; and

learn to confider nothing as favagenefs but

malevolence, ignorance and wickednefs.

The order of nature is wife and kind. In

a conformity to it confifts health and long
life ; grace, honour, virtue and joy. But
nature turned out of its way will always pu-
nifh. The wickedJhall not live out half their

days.- Criminal exceffes embitter and cut

fhort our prefent exiftence-, and the higheft

authority has taught us to expedr, that they
will not only kill the body, but ihejou/-, and

deprive of an EVERLASTING EXISTENCE.

lofs of all our higher powers which often attends the de-

cline of life, and which is fo humiliating to human pride j

he obferves, that it exhibits a fcene fingular in nature,
and that there is the greateft reafon to believe, that it

proceeds from adventitious caufes, and would not take

place among us if we led natural lives, p. 62,

A P P E NT -
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Note (A). See Queftion III. Page u.

T ET E be any given expectation of life ; and

"^'
^ Xpx will be the number of perfons

alive at the end of # years, arifing from p perfons
left annually as widows, (or added annually to a
town or fociety) at the ae whofe expectation is E.
The maximum^ therefore, is always pE . In Mr.
De Moiwfs Hypothecs, E is always ~ the difference

between the given age and 86. See the note page 2,
and the latter end of the note in page 37. See
likewife the beginning of the Firft Efiay, and note

(L) in this Appendix, where the inveftigation of

this rule will be given.
It will not be amifs to give the following ex-

ample of the application of this rule.

At the time of the commencement of the

fcheme, among the minifters and profefibrs in

SCOTLAND, for making provifion for their widows,
it was necefiary, that a calculation mould be made
of the number of widows that would be upon the

fcheme at the end of every year, till they came to

a maximum, on the fuppofition that, (agreeably to

what particular enquiry had fhewn to have hap-

pened for many preceding years,) 20 new widows

would be left every year. In order to make this

calculation, let 4 of the 20 widows be fuppofed to

T 3 be
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be under 32 years of age when left-, and let 2$
be fuppofed their mean age. Let the fame num-
ber be left between 32 and 39, and let 35 be their

mean age , between 39 and 47, and 43 their mean

age; between 47 and 57, and 52 their mean age;
between 57 and the extremity of life, and 63 their

mean age. The number in life together, to which,
in 10 years, 4 widows left annually at the age of

28 will" grow, is, by the rule, (E being 29)

- 7 x 40, or 36.55 The number alive at

the end of 20 years, will be :

7- X So, or 66.2,

At the end of 30 years, the number alive will be

89; of 40 years, 104.82; of 58 years 1 1 6

Thele numbers, found in the fame way, for the 2d

dafs, (E being 25.5), at the end of 10, 20, 30, 40,
and 5 1 years, will be 3 6. 7 64.31 84.7 97.25
102- for the 3d clafs, (E being 21.5) at the end
of 10, 20, 30, 40, and 43 years, 35.3461.4,
78.1385.686 For the 4th clafs, (E being
17) at the end of 10, 20, 30, and 34 years, 34.11

56.4767 68 For the 5th clafs, (E being
11.5) at the end of 10, 20, and 23 years, 31.3 >

45.2 46 The whole number, therefore, con-

fiiting of all the clafTes, will come to a maximum

nearly in 58 years ; and the totals in life, at the end
of 10, 20j 30, 40, 50, and 58 years, will be

fl 73-37 293.58- 364.83 401.67 418.
Thefe determinations fuppofe none to marry.

In 10 years, from 1757 to 1767, I have been in-

formed, that but 9 widows married. Let us then

fuppofe, that one widow of the firft clafs marries

every year ; and let all that marry, be fuppofed
to continue, one with another, 5 years in widow-

hood before they marry. On thtfe fnppofitions,

5 the
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the foregoing totals will, at the end of the fama

periods of years, be 169.23 282 347.5
380.47394.

Thefe calculations are made from Mr. Z>
Moivre's Hypothefis. Had they been made ex-

actly from Dr. Hattys table, or any other of the

Tables I have given at the end of this work, ex-

cept the London one, the refults would have been

very nearly the fame. It appears, that the pro-
babilities of life, among thefe widows, are greater
than thofe given by thefe tables. See the Laft

Eflay, pages 263, 264 266, 270, &c. The
effect of this muft be, to raife the maximum with-

out fenfibly increafing the numbers in life for the

firft 20 or 25 years: and ks effect may be, to raife

the maximum., and at the fame time even to diminim
thefe numbers.

Twenty-five years have now elapfed fince the

commencement of this fcheme; and the number
of widows living every year have, in fact, corref-

ponded to the laft numbers I have given, as nearly

as could pofiibly be expected in an affair of this,

nature.

T 4 Note
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Note (B). Queftion VI. Page 21.

LET
r fignify the fum of i/. and its intereft,

for one year. The value of a life, whofe

complement is 0, being (by Mr. De Moivre on

Annuities, 4th edition, page 14. and p. 100.)

2=1 4- =? + ^ + 2Zi, &c . the prefent va,
r r* nr3 r*

'

lue of the remainder of it after two years muft be

^ + =f, &c. which is equal to 1 x^ X

3 ,
"4 , "5 5

:
" +S? + S?' &C-

Now ^ is the prefent value of I/, due at the

end of two years. is the probability that a

life, whofe complement is , (hall continue two
n 3 n 4 n 5

years, and=- -f ^zr- -f , &c. is the va-
n 2r n 2r* n 2r3

lue of a life two years older than the life whofe

complement is . And, therefore, (fince any num-
ber of years lefs than may be fubftituted for two

years) the firft rule given in this queftion is right.
The fame procefs, applied to joint lives, will

demonftrate what is faid in the Scholium.

x ri? u {
L,^.v<?q;;i

.
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I Note (C). See Queftion VII. Page 22.

LET
the complements of any two afiigned

lives be n and m. The prefent value of the

firit pofiible payment of an annuity to be enjoyed

by the life whofe complement is , provided loth

lives continue 7 years, and'the life, whofe comple-
ment is n, furvives the other after that term, is the

probability, that the life of the expectant mail

continue 8 years, and the other life 7 years and

then fail in the 8th year, multiplied by -, or by

i/. difcounted for 8 years. The probability that

the life of the expeftant (hall continue 8 years is

^-
. The probability that the other life mail con-

tinue 7 years is ^^ . The probability that it mail

continue 7 years, and fail in the 8th year, is

2ZZ x i = -
- The probability, there-

m in 7 m

fore, that the life of the expeftant mall continue 8

years, and the other life 7 and fail in the 8th year, is

^IZ- x -
i and the prefent value of the firft poffi-

n m

ble payment of the annuity fuppofed, is - x -.

See ?be Doflrtne of Annuities by Mr. Simpfon,

p. 6 15, or his Seleft Exercifes, p. 315, &c.-*

Jn like manner, the prefent value of the 2d pay-

at the end of the o.th year, may be found
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and the prefent value of all the poflible payments,

x + x - + ==r x 2., &c.
* nr m^ nr* m^ nr* m

But this feries is equal to -7 X -^-
X ~ X

* 8 ^T~ ^9 ^

"

r
X

7 8_, &c. Nowrrz- X + =-;;X
-

,

m 7 n jr
m 7 njr* ~~(

&c. is the value of an annuity for a life fevea

years older than the expeftant, after another life

leven years older than the life whofe complement

is m. ^ ^ X ^^ is the probability that both
n m

the afligned lives fhall continue 7 years. And -

is the value of i/. due at the end of 7 years. The
rule, therefore, given for folving this queftion, i*

right.
This demonftration, as well as that in the laft

note, is, for the fake of more eafe and clearnefs,

applied to the hypothefis of an equal decrement
of life. It does not, however, depend upon it,

but may be applied to any table of obfervations.

Not*
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(D). Quettion IX. Page 29.

LET
the complement of any two aflrgned lives

be n and i, and the given term be feven

years, as in OCte (C). The probability that the

former life (fuppofed to be the life in expectation)
(hall laft 8 years, is, by Mr. De Moivris Hypo-

thefis,
-

; and the probability that the latter

o

life (hall fail in 8 years, is - ; and the firft pay-

ment of the annuity mentioned in this queftion,

depends on th? happening of both thefe events,
_ o o

the probability of which is- X -
.

n m

The prefent value, therefore, of the firft pofllble
Q Q

payment of the annuity is 211- x .
- In like

manner , the prefent value of the fecond pofilble

payment is ^^ x ; and of all the payments,

^, &c. But
m

n n i 7 , 9

== x = x + if x . ; and -^ x

S
= !^xi + ^xi. The foregoing fe-

rics, therefore, is equal to the two feries's - X

^_l 2r2i 2 &c. and~

nr* m nr* m nr

n 8 8 n 8 i 8



284 APPENDIX.

7 w 7 n 8 I n qz x -2 x =- x + =- xn n jr m-] n jr*

2 n 10 3 *7 n 7
+ =- x , &c. + -, x - x Z x

m 7 n jr
3 m 7

n 9 10
:- '

-r- + - , &c. which is the very
n jr n

77-* n jr
3

rule given for folving this queftion, as will appear
from notes (B) and (C).

Note
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T. . .-
"

:-'
- *

Note (E). See the Scholium to Quefl. X.

ACCORDING
to the calculations, the time

in which the firft yearly payment of a rever-

fionary annuity becomes due, is the end of the year
in which the event happens that entitles to it, how-
ever little or much of the year may then happen to

be unelapled. And this, likewifc, is the time
when a reverfionary fum becomes due. Thofe who
know how the calculations of the values of rever-

fions are inftituted, muft know this. But an an-

nuity, the firft payment of which is to be made at

the fame time with another payment of a fum in

hand, fufficient to buy an equal annuity, is worth
one year's purchafe more than the fum. For
inftance. Reckoning intereft at 4 per cent, and r

being i/. increafed by its intereft for a year, or 1.04,

- 4- + > &c - = 2 5^-

'

IS ^e Pre ênt value of

an eftate of il per annum for ever. That is, it is

the value of it, fuppofing the firft rent of it is to

be paid a year hence.-If the firft rent is to be

received immediately, or at the fame time with

another payment of 25/. it is worth one year's

purchafe more, or equivalent to 261.--1 have

not found, that any of the writers on annuities and

reverfions, have attended to this obfervation. It

fuggefts a correction necefiary to be applied to the

common folutions of feveral important problems :

particularly to the 2 1 ft and 22d in Mr.Stmpfon's frea-

tife on Annuities, and the 26th, 2;th, 32d, 3gd, and

40th problems in his Seleff Exercifes ; and to all other

problems of the fame kind in other writers'. There

5
can
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can be no great occafion for being more explicit.

It will not, however, be amifs to add the following

demonftration :
- is the prefent probability

that a life, whofe complement is , will fail in any

one afiignable year of its-duration. S x
;;r

4. 5,
&c. (), or the prefent value of i/. per an-

num for years, multiplied by
-

, is the prefent

value of the fum or legacy denoted by S, payable
at the failure of the given life. Therefore, (n be-

ing 56 ; the life 30 ; intercft 4 per cent. r= 1.04 ^

the fum 25/0 the value of the expectation, by
Mr. De Moivrt's hypothefis, is 9.919.

Further. The value of il. to be received at the

end of a year, provided the life whofe complement
is n fails, is the probability of the failure of the

life multiplied by i/. diicounted for a year, or

i - X -. In like manner-, the value of i/.
H T

to be received at the end of 2 years, if the fame

life fails in 2 years, is i
"-^ X ^. And, there-

fore, the value of all the pqffible payments of an

cftate or annuity of i/. for ever, to be entered

upon after the given life, is i ^ - X - + i

I

r+
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^,fa.or!
+ l +i,a,-S + +.

^, &c. that is, the value of the life fubtra&ed

from the
perpetuity ; or, in this example, i4/. 684,

(the value of a life at 30) fubtrafted from 25 ; that

is, io/. 316. But 10.316 is 109.919, in the fame
ratio with 104 to 100, or 26 to 25, agreeably t

the rule in the Scholium.

Note
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Note (F.) Question XIII. Page 44.

WHEN
I here call 48 the mean age of all mar-

ried men, and 40 the mean age of married

women, I do not intend to fuppofe, that there are as

many married perfons who exceed thefe ages, as

there arc w ho fall fhort of them. It is likely that the

latter are moft numerous
-,
and it is necefTary that

this mould be the cafe, to render the fuppofition I

make juft If all marriages commenced at 33 for

the man, and 25 for the woman, one half of them
would be diflblved by the time the men were 50,
and the women 42 , for (by the Hypothecs, and
alfo nearly by the Brejlaw^ Norwich, and Northamp-
ton tables) there is an equal chance for the joint
continuance of two 'lives, whofe ages are 25 and

33, feventeen years. Forty-two and fifty then

would be properly the mean ages at which widow-
hood would commence ; meaning by thefe,

"
the

*'
ages on each fide of which equal numbers are

"
left widows and widowers."- But, tho' in this

cafe half the marriages of every year would be dif-

folved in 1 7 years, they would not be all diflblved

in twice that time. So far would this be from

happening, that about a 7th part would continue

beyond twice 1 7 years , nor would it be certain,

that they would be all diffolved till near the ex-

tremity of the pofiible extent of life. Tho', there-

fore, an equal number of marriages would be dif*

Jolvsd, or an equal number of widows and wi-

dowers left before 50 and 42, and afterwards, yet
the ages of the latter would, one with .another,

much more exceed 50 and 42, than the ages of

the
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the former (that is, of the widows and widowers left

before 50 and 42) would fall fhort of them. And the

number of marriages alfo in the world, among per-
fons of greater ages than thefe, would be much
fewer than among perfons of letter ages In other

words : the period, at which the marriages that

have been contracted are half diflblved, is not the

period at which the number of marriages conftamly

exifting is equally divided, but this period fall's

feme years fooner ; and the period I have in view,
falls in that part of the interval between thefe two

periods, where the greater ages of the marriages
on one fide, are juft enough to compenfate (in fuch

a. calculation as that I have given) their deficien-

cies in number, compared with the number of

marriages on the other fide.

In fhort. Suppole 35 marriages every year,
between perfons 33 and 25. In 12 years there

would be half as many in the world, as could

pofiibly arife from fuch a number of yearly wed-

dings. In 17 years, half every fet would be ex-

tinct. The expectation of every marriage would be

19 years, by prob. 21 of Mr. De Moivre's Treatife

en Annuitiesj or by the note p. 299 : that is,

taking them all together, they would exiftjuftas

long as an equal number ofJingle perfons, fuppofed
to be fure of living juft 19 years, and no more;

or, as long as an equal number of fingle perfons,

all 48 years of age, fuppofed to be fubject to the

common laws of mortality. One with another,

then, they will be all extinct in 1 9 years : the

marriages which continue beyond this term, tho'

fewer in number, enjoying among them juft as

much more duration, as thofe that fall fhort of it

enjoy lefs. Widows, then, at a medium, will com-

mence widowhood at 44 (that is, 25 increafed by 19)
U years
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years of age, and widowers at 52 . The values, there-

fore, of the lives of thefirmer, when they cpmmence
widowhood, will, one with another, be the fame with

the value of a life at 44 ; or, (reckoning intereft at

4 per cent.) 12.5 years purchafe, in prefent pay-

ment, (the annuity to begin at the end of a year);
and their expectations of life will be 2 1 years, or half

the difference between 44 and &6. The value of

the lives of the latter will be 10.92, and their ex-

fcttaticn 17 years The whole number of marriages

conftantiy exifting, which would refult from

35 fuppofed to commence annually, would be

19X35, or 665 ; and 53 years (the difference be-

tween 33 and 86) would be the time in which they
would ir.creafe to this number The chance of

furvivorfhip would be 69 to 53, by prob. iSth,
Mr. ~De Motive on Annuities ; that is, in 53 years,

35 relicts of thefe marriages would be left every

year, and the number of widows would be to the

number of widowers, as 69 to 53 ; or 19.8 widows
would be left annually, and 15.2 widowers. The
maximum of widows in life together, if none mar-

ried, would be 21X19.8, or 416-, ancj they
would increafe to this number in 1 14 years (or 61

years after the number of marriages had attained

to a maximum} -The maximum or widowers would
be 15.2X17, or 258; and they would increafe

to this number in 106 years.
An eafy method may be hence deduced of folv-

ing the queftion which occafions this note -If

the number of the members of the eftablifhment

I have fuppofed, is 665, and the mean ages at

which marriage may be deemed to commence are

25 and 33, 19.8 widows will (ithasjuft appeared)
be left every year-, and the values of their lives,

when they commence widowhood, will be, one

4 wd*
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with another, 12- years purchafe. An annuity of
20/. will, therefore, be worth, to each widow, 250!.
and 19.8 fuch annuities muft be worth 49507.
which, confequently, is the annual income necef-

fary for the fupport of the efta'oliftiment, the firft

payment to be received immediately : or /. 7.44
from each of the 665 members

-,
which anfwers

nearly to the determination in page 44.
In the Laft Eflay, p. 296, it has been fhewn, that

obfervations determine the chance of furvivorfhip
in favour of the wife in marriage, to be really fo great
as 3 to 2 , and in fome circumitances greater. I have
alfo there obferved, that in order to account for this,

from the difference of age between men and their

wives, this difference muft be at lead 12 years, and

the mean ages of all who marry annually, muft be

fuppofed to be about 23 and 35. In this cafe, 19,
as before, will nearly be the cxpsfiation of all mar-

riages. The mean age at which widows and wi-

dowers will commence fuch will be 42 and 54. The
number of annual marriages neceflary to keep up
665 marriacres conftantly exifting, will be 35.
The number of widows left annually, by fuch a

number of marriages, will be 2 1 ; and the values

of their lives, at the time they commence widow-

hood, will be 1 2.85 years purchafe by Table VI: and

therefore, the whole annual income neceflary for the

fupport of the fuppofed eftablifhment, will be 5397/.
or an annual payment, beginning immediately, of

/. 8.1 1 from each member The number of.widows

on fuch an eftablifhment will, in 63 years, grow, if

none marry, to 462 ; and the number of widowers

to 224.
- It may be depended on, that all this

would happen as far as Dr. Hattffs table, or the

tables for Norwich and Northampton, exhibit the

true (late of human mortality.

U 3 Among



APPENDIX,
Among the minifters and profeflbrs in SCOT*

LAND, the number of married men being 667, or

nearly that here mentioned, the number of annual

weddings has, for manyyears, been at an average 32,

and the number of widows left annually 20; and,

therefore, the chance of furvivorfnip \n favour of

{he wife, as 20 to 12, or 5 to 3. See Eflay IV.

p. 269. This is not more different, from the remits

J have given, than might h we been expected ;

and the chief reafon of the difference is, that the

expectations of fwgle and jcint lives among the mi-

riifters and their wives in SCOTLAND, are greater
than thole given by Dr. Hallty's, and the other ta-

bles of obfcrvation-: 'I hele tables give the ex-

pectations of lives as they are among the bulk of

mankind in moderate towns. The expectations
of lives among the better fort of men, living

rnoftly in country villages and parifhes, are much

greater. The fact is, that among the minifters in

Scotland, the expectation of a fmglt life at the age
of 27, is three years and an half greater; and,

confequently, of joint lives, above two years

greater, than the fame expectations by Dr. Halle^s
Table. Ibid, page 264.

I cannot help juft mentioning another remark;

Jiere.^r It may be obierved, that fuppofing no
fecond marriages, anti, at the fame time, that the

odds for the woman's furviving in marriage is 3 to

2, the number of widows in the world would be
double the number of widowers. But it has been

found, in fact, that the number of widows is five

times the number of widowers. How this is to be
accounted for, Ihave (hewn in the Eflay juft re-.

terred to, {xige 270, .171.

Note
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Note (G). Quefiiori XIV. Page 48.

LET
r be i/. incre^lfed by its intereft for one

year; t the given time or number of years
tor which the afiurahce is to be made ; #,-, r,&c.
the probabilities taken out of a table of obierva-

tions, that the perfon vvhofe age is given (hall live

i, 2, 3, &c. years , and P the probability that he

lhall live / years; Then--
j

--
-\
--

, &c*

L, &c . w _ l + i + 1, &c . ,(t
-

1) +

ZH. x - + - + > ^c - W '^ b tne exadl value

of an annuity to be entered upon at the failure of

the given life, provided k happens in / years;

And the rule is nothing but this value exprefied

in words. In a fimilar manner may be demori-

llrated the other rule for finding the values of

ailurances, for a given tune, on two joint lives, or

the longdt of two lives.

U
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Note (H). Queftion XV. page 56.

LET
r fignify as before; S the given fum to

be afiured ; / the given time , N and n the

number of the living in the table of obfervations,

at the age of A and B refpefhvely ; A, B, C, &c.

and a, b, c, &c. the number of the living in the

table, at the end of i, 2, 3, &c. years from the ages

of A and B ; D, D, D, D, &c. and d, d, d, d, &c.
i n in i i"

the decrements of life in the table, at the end of

i, 2, 3, &c. years from the fame ages. Then, by

rcafoning in the fame manner with Mr. Simpfon, in

p. 316, &c. Selefl Exercifes, it will appear that S X

, &c. (0 = - X --r-^

__LL, &c. (/) H-- x --1- J_L, &c. (/).

is the exaft anfwer to Queftion XV. and the rule

is as near an aproximation to it as there is reafon to

defire.

In the fame manner, retaining all the fame fym-
bols, it may be found, that the anfwer to Queftion
XVI. is

X
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S Dd D+Dx^ D+D-f-Dx,/

D D+D D+D+D

fame with the excefs of the value of an annuity
certain for a number of years lefs by one year than

the given term, above the value of an annuity on

the life of A, for the fame number of years ; from
whence the reafon of the rule for folving this

queftion, may be eafily difcovered.

U 4
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Note (I). Page 119, &c.

LET
t be arly given term of years ; />

the va-

lue of i/. due at the end of the given term ;

A the value of an annuity certain for tlie lame

term , n the complement of a given life ; G the va-

lue for the given term, of two joint lives, both

equal to the given life; (to be found by Queft.VI.)
P the perpetuity -, r, i/. increafed by its intercll for

one year.

Then A^GX-r-/X/>xP AxPxr will be

the prefent value of i/. 2/. 3/. &c. (/) payable at

the end of i, 2, 3, &c. (/) years i but fubjed to

failure when the given life fails.

If fuch a courle of payment is to begin im-

mediately, and to be made at the beginning of

every year, till /-fi payments are made in / years -,

add to the preceding value, the value increafed by
unity of an annuity on the given life for / years,
found by Quefuon VI. and thc/; will be the va-

lue fought. And this value, divided by the pre-
fent value of what may happen to remain of the

given life after / years, found by Queftion VI. will

give the ftanding annuity to which fuch a feries of

increafing annual payments, beginning immedi-

ately,- will entitle, for the remainder of the givefc
life after / years.
With the affiftance of this theorem, all that is

faid in page 119, &c. may be inveftigated. It

would be too tedious to enter into a more minute
account.

Note
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Note (K). Page 149.

297

LE
T d fignify the difference between the compk-
ments of the youngeft and the oldeft life in

the body of Annuitants, here defcribed, at the
time they enter ; let S fignify the fum of thefe

foifiplemeMts ; any given number of years not

S d
greater than -

$ and x the ratio of the whole

S x /I

number of Annuitants to . Then
2

*xd will be the number that will die the ift year ;

-: the number that will die the 2d yearj

~
4-^, sd year;

6d 8d
,
Kd

-g + - + ^ , 4th year ;

Kd . lid . \bd . \6d+ -;. +_ + _, 5th year;

^ i

and xX d+ *
nX r+ n 24 2?X ^ 4- 3

4. .

+ 3)*X -t 4-f- 41* X ^> &c - (>

will be the whole number dying in n years. When
Q /J

n is greater than , this feries is greater thart

the whole number dying, in n years; but in all

other cafes it gives this number exa&ly, fuppofing
the probabilities of life todecreafe uniformly.*

I In
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In the prefent inftance, the youngeft life being 30,
and the oldeft 60, the two complements are 56 and

26. 8=82. </~30. = 1230. And therefore x

?
27.1. Take = 30 years, and the fore-

going feries will be 27.1 X 900 + 318.2 -\- 7.242+
7164=33.214, which is a little greater than the

whole number dying in 30 years, but at the fame

time lefs than the whole number of Annuitants.

Note
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Note (L). See Efl"ay I. Page 169, 170,

172.

TH E fum of the probabilities that any given
lives will attain to the end of the id, 2d,

3d, &c. years from the prefent time to the utmoft

extremity of life (for inftance, *|. 4.
* + +% t &c.

to -^V 22- for lives of 40, by the hypothecs] may
be called their expectation^ or the number of pay-
ments due to them, v& yearly annuitants. The fum
of the probabilities that they will attain to the end
of the ift, 2d, 3d, &c. halfyears (or, in the parti-
cular cafe fpecified, |4 + | + { -t- TT, &c. =
V half years, or 22- years) is their expectation as

half yearly annuitants. And the fums juft men-
tioned of the probabilities of their attaining to the

end of the ift, 2d, 3d, &c. moments (equal in the

fame particular cafe to 23 years) is properly their

expectation of life, or their expectation as annuitants

fecured by land.

Mr. De Mature has omitted the demonftrations

of the rules he has given for finding the expefla-

tions of lives, and only intimated, in general, that

he difcovered them by a calculation deduced from

the method of fluxions. See his Treatife on Annui-

ties^ page 66. It will, perhaps, be agreeable to

Ibme to fee how eafily they are deduced in this

method, upon the hypothefis of an equal decre-

ment of life.

Let x ftand for a moment of time, and the

compliment of any afiigned life. Then -, ~j

^, &c. will be the prefent probabilities of its

n
con-
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continuing to the end of the ift, 2d, 3d, &c. mo-*

ments j and - the probability of its continuing

to the end of x time. X * will therefore be

the fluxion of the fum of the probabilities, or of ah

area reprefenting this fum, whofe ordinatts are

, and axis x. The fluent of this exprefiion, or
/*

x , is the fum itfelf for the time x ; and this,
2

when # , becomes 4 5 and gives the expectation of

the afligned life, or the fum of all the probabilities

juft mentioned for its whole pofiible duration. -In

like manner: fince r- is the probability that

two equal joint lives will continue x time, 7- x *

will be the fluxion of the fum of the probabilities.
A.i A.3 f,

The fluent is x \ , which, when n z= #, is -,

or the expectation of two equal joint lives.

Again : fince ^^ x is the probability that there

will be a
v

furvivor of two equal joint lives at

the end of x time, ^-^ X ^ x .v will be
n n

the fluxion of the fum of the probabilities j

A.* .o3
and the fluent, or ^ is (when A* ) ~, or

n 2X

the expectation of furvivormip between two equal
lives > which, tlierefore^ appears to be equal to the
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ion of their joint continnance. The expecta-

tion of two unequal joint lives, found in the fame

way, is -
, m being the complement of the

oldeft life, and n the complement of the youngeft.

The whole expectation of furvivorfhip is ---

. The expectation of furvivorfiiip, on the part

of the oldeit is ~ ; and the expectation, on the

part of the youngeft, is - -
-f ^-.

It is eafy to

apply this inveftigation to any number of joint
lives, and to all caies of furvivorfhip.

It may be obferved, concerning the firft of the

fluents here given, that it exprefies not only the

expectation of a given life for the time #, and
therefore its whole expectation when # #, but
like wife, the number of perfons alive, to which one

perfon added annually to a fociety, at a given age,
will increafe in x time.-Thus : Suppofe one

annuitant, whofe age is 28, (and whofe complement
of life, therefore, is 58, or expectation of life 29)
to come upon a fociety every year ; the number of

annuitants alive, deduced from hence, will, in x

,
xz

4 x 20 xz
,

,

years, be x--
^-, or-^ -- X#j and, there-

fore, the number of annuitants alive, deduced in

the fame time from p annuitants left annually at

the fame age, will be
** 2 ~*

Xpx.-In like

3

.manner, the zd fluent, or - ---
\- x, gives the

number
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number of marriages in being together, that will,

in x years, grow out of one yearly marriage, be-

tween perfons of equal ages, whofe complement of

life is . If they are of unequal ages, and the com-

plement of the oldeft life is m, and of the youngeft

77, this number will be 1- x. And
3w 2nm

if the number of years is required, in which any

given number of yearly marriages, between men
and women at given ages, will increafe ib far as

to be in any given proportion to the greateft num-
ber that can poiTibly grow out of fuch marriages,
this expreflion muft be made equal to the expetta-

t'wn of the joint lives, or of each marriage, multi-

plied by the fraction exprefling the given propor-
tion ; and the root of the equation will be the an-

fwer. Thus : it may be found, that one marriage

every year, between perfons 33 and 25 years of

age, would in 10 years increafe to 8.35 ; in 15

years, to 11.38 , and in 53 years, to 19, or their

greateft pofiible number : and, confequently, that

35 fuch yearly marriages would, in 10 years, in-

creafe to 292 , in 15 years, to 398 , and in 53 years,
to 665. And if it is enquired in what number
of years 35 fuch yearly marriages would increafe

to half the number in being together, poflible to

be derived from them, the value of .v, in the cubic

X 3

equation
$nm 2.nm

be found ; which, in the prefent inftance, is nearly
12.

~ I have, in fome parts of this work, had occafion

to make fuch deductions as thefe.. See note (A),

p. 277-, and note (F), p. 288 ; and. Queftions III,
and XIII.
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Note (M). Effay II. Page 226.

LET
r fignify i/, increafed by its intereft for

one year.
V the PERPETUITY.
n the difference between the age of the youngeft

life, and 86; or \\.s complement .

m the complement of the oldeft life.

P the value (in Table II.) of an annuity certain

for m years.
And the exact value of any two given joint lives,

according to the hypothecs of an equal decrement

V-f-r
of life, will be V - x m 2<y * X ~

n m

4- 2v. Example :

Let the ages be 27 and 38 ; and the rate of in-

tereft 4 per cent. Then n ^.m 48. V= 25.

P 1.195. n m 2v i 40. n m_ p
2v i X - +2-^ = 50 17.660 = 32.340. Andm

VJ-
V

X 32.340= 10.748, the value of two joint lives-

whole ages are 27 and 38.

Note
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Note (N). E% III. Page 232.

IT
is plain, that the purchafer of A's right, as

dated in the firft of the queftions, to which this

note refers, cannot get into pofTeflion, till the year
when A and B (hall be both dead j nor then, un-

lefs A happens to die loft. Now, fuppofing the

common complement of life n \ the probability
that A and B fliall be both dead at the end of the

frft year, and A die lad, is i-- x i -

I __ I n i n I 7JIZTl
s

X I-;- - + In hke

manner, the probability that they lhall be both

dead at the end of the 2d, 3d, &c. years, and A
f . I n 2 n 2 n ?V" I n ?
furvive, is------1

--
;
---*

2 2r( 2 2 l 2 2

^~
-i-

"~3
J , &c. The prefent value, therefore,

of the ift, 2d, 3d, &c. rents of the reverfionary

n . I n i n i J7 i^
1

i n 2
eftateis----- 4-- ,

----~
2.r 2nr ztir 2nr 2ri 2nr~

4. - ._ _ ,
. &c

27/r
1 ^ 2V 2r* 2/;r3 2wr 3 2;rr 3

'

Suppofing r to fignify i/. increafed by its intereft

for a year -,
and the eftate to be i/. per annum. And

thefum of theie terms continued in infinitum, is the

value required.
-But + . -\-

~
, &c. is ^//"

2r 2r* 2r**

the
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the perpetuity. And - + E* +

2nr 2nr 2 V
-a -2 ^2* 3 * 3 ^3 a

&c>
2r* 2rl 2V* 2r 3 2r 3 2V 3 '

is half the value of thejoint lives, fubtracled from

balfthe fum of the values of the \.WQ fmgk lives ;

that is, ^y the value of -the /0#gf/? of the two
lives.

A fimilar demonftration may be applied to the

either queftion.

X Note
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Note (O). E% IV. Page 262.

LET
r be i/. increafed by its mtcreft for one

year.
Let S reprefent any given interval of time, or

number of years, during which the decrements of
lire in a table of obfervations continue equal.

a the number of the living in the table at the

beginning of the firft year of that interval.

b the number of the living in the table at the

beginning of the year immediately following the

lame interval.

P the value of an annuity certain for S years.

p the value,in Table I. o f i/..due at the end of

S years.

Qj:he value, in Table VI. of an annuity for th

life of a peribn whofe age wants S years of 86.

N the value, in ftrict agreement with the given
table of obfervations, of an annuity on the life of

a perfon whofe age is S years greater than the age
at which the interval of equal decrements begins.
Then _
Q_4 x P Qjvill be the value, according

to the table of obfervations, of an annuity for S

year?, on a life of the fame age with that at which
the interval of equal decrements begins. And

- X P Q^4-^N will be the value of an

annuity on the whole duration of that life.

"When S reprefents one year, Q^vanimes, and tfie

laft cxprefilon becomes x i 4- N i which is the
ar

3 rule
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rule For finding, from the value given of any life,

the value of a life one year younger.
Thefe Theorems fave much labour in calculate

ing the values of life-annuities from tables of ob-

fervations.

The firft of them, with its inveftigation, may
be found in page 341, gd edition, of Mr. De
Moivre\ Treat;ft 'en the DoHrine of Chances. But it

is rieceflary to obferve, that the direction Mr. Ds
Morcre has given for finding the value of Q is

wrong. In confequence of calculating agreeably to

this direction, he gives the value of a lire at the age
of 42, by Dr. Hal/efs table, greater than the value

of the fame life by his own hypothefis -, whereas, it

is evident, that the probabilities of living after 42,

being ail along lefs in Dr. Hallcy's table, than in the

hypothefis, the value of the life muft be alfo-lefs.

The mathematical reader may eafily fatisfy him-

felf, that the value of Q^ought to be taken from

Table VI. as I have directed.

An eafy and accurate method of finding the

values of fingles lives, agreeably to any given table

of obfervations, is given by Mr. Dodfon in his

Mathematical Repofitcry, vol. II. page 161.

There is alfo in Mr. Stmpfon's Sekft Exercifes^

page 275, a very eafy rule for approximating to

the values of fingle lives, according to Dr. Hdkfs
table. But this rule muft not be depended on )

for I have found it ^ a year's purchafe, and fome-

times three-quarters of a year's purchafe wrong.

To prevent the danger of miftaking the Theo-

rem I have given, I have thought proper to

fubjoin the following example.
Let the table of observations be the Brfjlziv Ta-

ble, or Table III. The value of a life at 78, by this.

X 2 Table,
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Table, is^+^+Jl, &c. to the end <tf

life. The number of terms in this feries being
irnall, it may be eafily found to be 3.514, fnppof-

ing intereft at ^per cent, and -
, T ~r> &c - be-

ing the values, in Table I. of i/. at the end of

i, 2, 3, &c. years. From 78 to 74 the decre-

ments of life continue equal , and therefore 8=4.
ft 98. b 58. P = 3.6298, by Table II

-, p .

.8548, by Table I; Qjn 1.406, by Table VI;

N = 3.514. P Qj-f pN = 5.227 ; and

X i^ QL~t~ ^N = 4.500, or the value of a life at

From 74 to 70 there is another interval of equal
decrements; and, by a like eafy operation, the*

value of a life at 70 will be found to be 5.595.

TABLE
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TABLE I.

Tne prefent Value of il to be received at the end
of any number of years, not exceeding 100;
difcounting at the rates of 3, 3!, 4, 4^, 5 and
6 per cent, compound intereft.
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TABLE I. Continued.
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T A B L E I. Continued.

TABLE
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TABLE II.

The prefent Value of an Annuity ofOne Pound,

for any Number of Years not exceeding i oo,

atthefeveral Rates of 3, 3!, 4, 5, and 61.

per Cent.
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TABLE II. Continued.
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TABLE I!. Continued.
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TABLE II. Continued.
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TABLE III.

Chewing the Probabilities of the Duration o

Life, as deduced by Dr.Hah'ey from Obierva-

tions on the Bills of Mortality ofBRESLAW.
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TABLE IV.

Shewing the Probabilities of Life at NORTH-
AMPTON. See page 255, 256.
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TABLE V.

Shewing the Probabilities of Life at NoRwictfV
See page 256, 257.
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TABLE VI. (a).

Shewing the prefent Values of an Annuity of il.

on a fingle life, according to Mr. De Moivre's

hypothefis -, and, therefore, nearly, according to

the probabilities of life at BRESLAW, NORWICH,
and NORTHAMPTON. See p. 2, and p. 262.

(a) This Table is the fame with Mr. De Mcivris Table of

the values of fingle lives, published in his Treatife OK

Annuities, and carried as far as the ?.e of 79 to three places cf

decimals by Mr, Dodjon in his Mathematical Repofitory, vol. ii,

p. 169.
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TABLE VI. Continued.
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A B L E VI. Continued.

TABLE
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TABLE VII.

Shewing the Value of an Annuity on the joint con-

tinuance of two lives, according to Mr. De
Moivris Hypotbefis ; and, therefore, nearly ac-

cording to the probabilities of life at BRESLAW,
NORWICH, and NORTHAMPTON. See EITay II.

and p. 2, 3, 226, 263.
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TABLE VII. Continued.

y 2
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TABLE VII. Continued.
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TABLE VII. Continued.

I T A-
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j, TA B L E VIII.

Shewing the Probability of the Duration of kite in

LONDON, deduced by Mr.Sitnpfw from obier-

vations on the bills of mortality in LONDOI* for

10 years, frorn 1728 to 1737.
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TABLE IX.

Shewing the Expectations of Life in LONDON, ac-

cording to the preceding Table. See Mr.

fon's Selett Exercifes, p. 255.
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TABLE X.

Shewing the Value of an Annuity on OwlLife, ac*

cording to the probabilities of life in LONDON.
See Mr. Simp/on*s Seltft Excrcifes, p. 260.

26 15.

2.715.0,13

28,15.4,13-4
2915.2,13.2

3 '5-Q ^3
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TABLE XI.

3*9

Shewing the Value ofan Annuity on the joint con-
tinuance of Two Lives, according to the proba-
bilities of life in LONDON. See Mr. Simpforfs
Seleti Exerdfes, p. 266.
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TABLE XL Continued.
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TABLE XII.

Shewing the Probabilities of Life in LONDON, on
the fuppofition, that all who die in LONDON
were born there. Formed from the Bills, for

10 years, from 1759 to 1768. See page. 245.
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TABLE XIII.

Shewing the true Probabilities of Life in LONDON
till the Age of 19. See page 249.

-ra

tinued

numbers in the fecond column to be con-
as in the lafl Table.
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TABLE XIV.

Shewing the true Probabilities of Life in LONDOW
for all Ages. Formed from the bills for 10 years,
from 1759 to 1768. See page 251.
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OBSERVATIONS
O N

TABLES I. and II.

rnpHESE Tables may be met with in

moft of the books that treat of com-

pound intereft and annuities ; but there has

been, in this work, fo much occafion for re-

ferring to them, that it was neceflary to fave

the reader the trouble of turning to other

books for them.

The 2d, 3d, 4th, &c. numbers in the Second

Table, are only the fums of the firft 2, 3,

4, &c. numbers in the Firft Table. This

Table, therefore, is the foundation of the

Second-, and, indeed, of all the common
tables of compound intereft ; and, with the

help of it, almoft all the queftions in com-

pound intereft may be eafily anfwered.

The following fpecimen of this may, I

think, be of confiderable ufe.

QUESTION I.
" To vtlwtfum or annuity

t( will any given fum or annuity, now to be
*' laid up for improvement, at a given rate
" of compound intereft, increafe, in a given
" number of years ?"

5 AN*
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ANSWER. Divide the given fum or an-

nuity by the value of i/. payable at the end
of the given number of years, and the quo-
tient will be the anfwer.

Example. Let the given fum be 50 /. and
the given time 1 8 years. The rate of intereft

^ per cent. The prefent value, at 4 per cent.

of i/. payable at the end of 18 years is, by
Table I. .4936; and 50 /. divided by this

value, gives /. 101.296, or ioi/. <;j. \.\\zfum to

which 50 /. will increafe in i& years. In
like manner; 2 / per annum, the firft payment
pf which is to be made a year hence,

will increafe (intereft fuppofed the fame) ia

1 8 years, to an annuity of 7.4.05 : for 2/.

the given annuity, divided by .4936, gives.

4.05, or 4/. is.

QUESTION II. " To what fum will a

given annuity amount, in confequence of
*'

being forborn and improved, at a given
" rate of compound intereft, for a given
5 number of years ?"

ANSWER. From the increafed annuity,
found by the laft Queftion, fubtracl the given,

atinuity; and multiply the remainder by the.

PERPETUITY, and the product will be the

anfwer.

Example, zl. per ann. improved at 4 per-

cent, compound intereft, will, by the laft

Queilion, increafe, in 18 years, to 4.05 per-

{inn. 2.1. fubtradled from 4.95, leaves 2.05,
which.
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which, multiplied by 25, ^perpetuity, gives
/. 51.^5* or 5 1/.

5-r,
the amount in 18 years*

In the fame manner it may be found, that

io7. per ann. (intereft being the fame) will

amount, in 41 years, to 9987.
It mould be remembered, that the PER-

PETUITY is 33.33* 28.57, 25 20, or

16.666, according as interefl is reckoned at

3~3f> 4 5 or 6 per cent: And that the

annuity meant in all thefe Queftions is an

annuity, the firft payment of which is to be
made at the end of a year.

QUESTION III. " In what number of
"

years will a given fum or annuity increafc
" to another givenfum or annuity, in confe*
"

quence of being improved at a given rate
" of intereft?"

ANSWER. Divide the originalfum or an*

nuity by the increased fum or annuity -,
and

look for the quotient, or the number neareft

to it, in Table I
-, and the number of years

correfponding to it will be the anfwer.

Example. Let thejum be 507. The in-

creafed fum /. 101.29. The rate of interefr,

4 per cent. The former fum divided by the

latter gives .4936, which ftands oppofite in

the Table to 18 years, or the time in which

50 /. will gain the required increafe. In

like manner, it may be found, that 18 years
is the time in which 2/, fir ann. will increafe

to 7.4.05 per ann.

$ QUESTION
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QUESTION IV. " In what time will any"
given annuity amount to a given fum, in

"
confequence of being forborn and irn-

"
proved, at a given rate of compound in-

" tereft?"

ANSWER. Divide the givenfum to which
the annuity muft amount by the PERPETU-
ITY. Add the given annuity to the quo-
tient ; and by the quotient fo increafed, di-

vide the given annuity ; and this fecond quo-
tient, found in Table I. will mew the an-

fvver.

Example. A perfon owes iooo/. and re-

folves to appropriate io/. per annum of his

income towards difcharging it. In what
time will fuch an appropriation, in confe-

quence of being improved at 4 per cent.

amount to a Him equal to the debt ?

iooo/. divided by 25 gives 40 /. io/. added

to 4o/. makes 50/5 and io/. divided by 5O/.

gives .2000, which in the Table (rands op-

pofite to 41 years, the required time.

In the fame manner it will appear, that

the fame annuity, if improved at 5 per cent.

will amount to iooo/. in 37 years.

QUESTION V. " In what time will a

*<
given principal be annihilated, by taking

" out of it, at the end of a year, a given Turn,

" and after that, the fame fum annually, ta-

'*

gether with its growing interefts?"
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ANSWER. In the fame time plainly in

which an equal annuity would amount to the

given principal.

A perfon, therefore, pqflefs'd of iooo/.

capital, bearing intereft at 4 per cent, would,

by Queftion IV. reduce it to nothing in 41

years, by taking out of it io/. the firft year,

and as much more every following year, as

would be ncceffary, together with the intereft

of the remaining capital, to make his annual

income conftantly 507.

Remark. The fum to which a given anr

nuity will amount in a given time, is the

fame with the value of an annuity for the

given time, equal to the given annuity in-

creafed by the yearly intereft of the amount.
That is, iooo/. is the value .of ^o/. per ann.

for 41 years, at 4 per cent : And the fame
fum is likewife the value of 60 /. per annum,
for 37 years, at 5 per cent. The reafon is

plain: iooo/. it has appeared, would, in

confequence of being put out to thefe dif-

ferent rates of intereft, be juft fufficient to

pay the annuities.

I have been the more explicit in thefe rules,

becaufe they point out a very eafy method
of deducing and examining all I have faid,

in different parts of this work, and particu-

larly in Chap. III. concerning the increafe of

money at intereft. I will juft mention one
initance.

400,000/1
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400,000 /. per annum, applied in the man-
ner fuppofed in Queftions IV and V. would
annihilate 55 millions* bearing intereft at 5

per cent, in 42 years.
In 1716, when the Jinking fund was efta<-

bliihed, the public debts were near this fum,
and bore 5 per cent, intereft. This fund then,
had but 400,ooo I. of it been 1

inviolably ap-
plied to the annihilation of the public debts,

would, in 1758, have dilcharged all the debts

contracted before 1716. And it may be
further found very eafily, by the anfwer to

Queflion IV. that had it been fuffered to go
on in its operation, and been applied, Jince

1758, to the redemption of only 3 per cents

at par, it would by this time have difcharged

104 millions; and feven years hence, 140
millions. The affertion, therefore, in

page 164, is ftriclly true. But the following

proof of that aflertion will, perhaps, be more
clear and ftriking.

Suppofe an annuity of 4co,ooo/, beginning
in 1716, to have been applied till 1730, to

the annihilation of debts bearing inrereft at 5

percent-, from 1730 to 1748, to the anni/*

hilation of debts bearing intereft at
4. per cent.

and from 1748 to 1771, to the annihilation

of debts bearing intereft at 3 per cent. In

the firft of theie periods the annuity would

have increafed to 800, ooo/. j in thcjccond, to

i,6oo,ooo/.; in the laji, to 3,200,0007.
In the p relent year, therefore, the nation

Z 2 might
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might have been eafed of above three millions

per annum in taxes. And, at the fame time,

(fuppofmg all the fame meafures taken in

other refpects) it would have enjoyed that

very Jinking fund it now has ; and no detri-

ment could have arifen to the public, from

any applications of it to current expences.

As I am now again on the national debt,

I will beg leave to add the following proof
of another obfervation on this fubjecl, in

page 140.
The difburfements, on account ofany loans,

will be the fame, whatever different interefts

they bear, fuppofing a provifion made for

difcharging the principal, by applying to that

purpofe furplulTes bearing to one another the

fame proportions with thofe interefts.

For Example. Let a million be borrowed
at 3 per cent, and let a fund be charged with

it which brings in 6.r. per cent, per annum
more than the intereft; or 33,0007. inftead

of 30,0007. per annum. This furplus, ap-

plied in the manner I have explained, will

annihilate the principal in 81 years, as may
be gathered from Queftion V. At the end
of this time, the difburfements on account of

the loan will be 33,0007. multiplied by 81 ;

that is, 2,673,000?.
Let us again fuppofe a million borrowed at

6 per cent, and let a fund be charged with
it producing a furplus of izs. per cent, per

<mnwn.
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annum. Such a fund, befides paying the in-

tereft, will difcharge the principal in 41
years ; and the difburfements on account of
the loan, will be 66,ooo/. multiplied by 41;
that is, 2,706,0007. or very nearly the fame
with the difburfements on account of an

equal loan at 3 per cent.

It appears, therefore, agreeably to the ob-
fervation to which I have referred, that were
the public, in raifing money, to adopt the

plan I have propofed, it would be of little

confequence what intereft was given for

money. The practicability of fuch a plan
is felf-evident, for it cannot be lefs eafy to

apply the interejl of a fum, to the payment
of a debt, than the fum itfelf : and this plan

requires no more. One particular advantage

attending it, already hinted, I will beg leave

here to repeat. By keeping thefacts fteadily
at or nearer, that fluctuation in them would
be in a great meafure prevented, which now

produces fo many evils; and which, with

the aid of annual lotteries, will, I fear, in

time, ruin all honeft induftry,. and turn us

into a nation of (harpers and gamblers.

D I-
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DIRECTIONS for finding the VA-
LUES of Two JOINT LIVES
of given Ages, by TABLE VII.

IF*

both the ages are given in the Table,
the value wanted will be found imme-

diately by infpedtion.
Ifthe ages are not given in the Table, it will

be beft to proceed in the following manner.

Suppofe the rate of intereft 4 per cent, and
the propofed ages 40 and 66. It will

appear, from infpecting the Table, that the

value fought would be 6.556, were the age
of the elder life 65; and 5.383, were it 70.
Since, therefore, it is 66, the value muft be

the jlrjl of four arithmetical means between

6.556 and 5.383, or 6.322. For the

fame reafon, had the ages of the elder been

68, the value would have been the 3d arith-

metical mean between 6.556 and 5.383, or

5.854. In like manner, were the propofed

ages 43 and 65, the value would be the 3d
arithmetical mean between 6.556 (the value

of two joint lives whofe ages are 40 and 65)
and 6.425, (the value of two joint lives

whofe ages are 45 and 65) or 6.478.

Again, let the ages be 43 and 66. That

is, let it be fuppofed, that neither of the

propofed ages is given in the Table.

The
'

values correfponding to the ages

and 5^6? are
V6. 3 227

45$ 66$' 6.200$
The
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The value, therefore, correfponding to the

ages 43 and 66, muft be the 3d mean be-
tween 6.322 and 6.200, or 6.250.
N. B. The i ft, 2d, 3d, and 4th of four

arithmetical means between two numbers
are found by fubtracting 4, 4, 4, and 4 of
the difference between the two numbers, from
the greateji of them.

Thus. The difference between 6.556,
and 5.383, is 1.173. ^ne ^^ f this dif-

ference is .2345 which, fubtracled from

6.556, leaves 6.322; the firft of 4 means
between 6.556 and 5.383. In like man-
ner; the difference between 6.322 and 6.200
is .122. One fifth of this difference is .024;
and, therefore, three-fifths of this difference

is .072, which, fubtracled from 6.322, leaves

6.250, the third arithmetical mean between

6.322 and 6.200.

In order to avoid trouble, if the ages are

nearly equal, a year or two may be added to

the leaft, and as much fubtracted from the

greateft ; and the value taken by infpection.
But if one of them much exceeds the other,

it will in general be furficient to take the

neareft number in the Table for the letter.

The mean between the values at 3 per
cent, and 4 per cent, may be taken for the

value at 3! per cent, without any error of

confequence. And the like may be faid of

the values at 4! per cent.

The values of the longeft
of two lives is

found by fubtradting the value of the joint

4 lives
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lives from the fum of the values of the two

fmgle lives. Thus, the values of two

fingle lives, whofe ages are 25 and 30, are

by Table VI. (intereft reckoned at 4 per

cent.) 15.31 and 14.68. The fum of thefe

two values is 29.99 > t^ie value of the joint
lives is (by Table VII) 11.46; and this va-

lue, fubtra&ed from 29.99, gives 18.53, or

the value of an annuity on the longed of the

two lives.

The value of two joint lives being given,
the value of three joint lives may be found by
the following rule, taken from Mr. Simpfon's

$elet Exercifes, page 279. v

Let A be the youngeft, and C the oldeft

of the three propofed lives. Take the value

of the two joint lives B and C, and find the

age of a Jingle life D of the fame value.

Then find the value of the joint lives A and

D, which will be the anfwer.

Example. Let the three given ages be

25, -30, and 40, and let the rate of intereft

be 4 per cent. Then the value of the two
oldeft joint lives B and C, will (by Tab. VII.)

be 10.428, anfwering, in Tab. VI. to a fingle
life D of 54 years of age. And the value of

the joint lives A and D, which is 8.917

year's purchafe, v/ill be the value fought.

FINIS,









\\\Et'NIVER%

University of California

SOUTHERN REGIONAL LIBRARY FACILITY
305 De Neve Drive - Parking Lot 17 Box 951388

LOS ANGELES, CALIFORNIA 90095-1388

Return this material to the library from which it was borrowed.

3



t g

1?




